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The unlimited extent to which railway traifiii 
appcnrs likely to attain, the vast fields of euter- 
priae it has already opened up, and its grow- 
iBg importance to tbe interceta of the human 
ce> must make every consideration affecting the 
ostruction, working, and safety of railways a 
matter interesting to all. Any suggestions, there- 
fore, which may tend in the least degree to 
romote the general safety, cannot fail of being 
vourably received. That railways should have 
effected such vast and important cltanges in this 
couutry iu so short a period as thirty years, through 
the medium of steam as a motive power, must 
Btamp the era in which we live aaone of the most 
enterprising in British lustory. Nor is the spirit, 
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of eTnolation in railwfljrs confined to this country I 
already liave tlie United States of America made 
prodigious exertiona in the conatraction of 
waya; and this spirit is fast extending itself 
our Transatlantic Colonies, both in British Ara 
rica and the West Indies, and will soon be dere- 
loped in Australia. In the Spanish settlement 
of Cuba, railways have for some years been in 
existence j and both British and foreign coloniea 
eeem to vie with each other in the formation of 
these great conYeniences for inland transport. ^H 
In our vast territorial posseesiona in tlie Eaeti^^ 
railways are about to be formed; and in the course 
of time the stores of wealth of our Indian Empire 
wiU be rendered more available, and the v 
centre of that rich and populous dominion be 
made accessible to all. On the continent of Europe 
great progress in railways has already been made, 
chiefly in France, Belgium, and Grerniany : in t] 
last above a thousand miles are now open, 
direct eommunicatjon will ere long exist 
tween Farla and Brussels; and when Pa; 
la united to Marseilles and Havre, the advant 
will be great to this country in the overlam 
route to India, In a short time every count 
in Europe will be intersected with railways ; 
perhaps at no very distant period continue 
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INTBODUCTORT BEKIARXi* 

railvTaya will be constructed across Europe into 
the centre of Asia, and even perhaps to the 
capital of China itself. There seeiua, indeed, no 
limit to the formation of railways. They may 
i be the mcdiiun of removitijg the prejudiceB, and 
making the members of the great human family 
better known to each other, and thus tend to 
promote civilisation and preserve the peace of 
the woi'ld. 

In Great Britam and Ireland there are already 
completed, or io progreasj above 2800 miles of 
railways; and Parliament, during the recent 
eeai^ion, has with great liberality passed billa for 
railways to the enormous extent of 2841 miles, 
with a capital of 44,322,235/. This may well 
create aatonishment at the vastnesa ai Brititsii 
resources ; and as the money for the formation 
of these railways is to be expended within the 
kingdom, it cannot be followed with those dia- 
astroua consequences with which over-speculation 
has too often been attended in times that are 
past. Let us hope that the works that are now 
progrcaslng, and still to be undertaken^ will be 
sttendcd with general benefit to all classes; and 
that while the country reaps the benefit of such 
unprecedented e.^ertiona, the interests of the 
promoters and enterprising capitalists will not 
n 2 
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4 ISTKODUCTOKT SEMASKS. 

taSer. In the oonstmction of soA vast mider- 
tekingB, care and precautkm ax« obrioiisly 
neceaauy; and nothing will tend more to their 
8000688 than their jodicioos anangement, and the 
selection of beneficial lines, and thor fonnation 
in Buch a nuuiner as will, with the guide of 
experience, make them a safe vehicle of transit; 
so that eyeiy one may travel by them without 
apprehension, and in perfect safety and comfort. 
This is the more necessary as every other mode 
of transit is fast merging into this one. 

I should rejoice if this work, which professes 
merely to ^ve a condensed view of the subject 
of railways, and of the methods by which in- 
creased safety thereon may be obtained, should 
tend in any degree to promote the general 
security in travelling. 
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The rapid advancement which Great Britain baa 
made during the laet fifty years ia not more 
strikingly marked than by the vast facilities of 
communicatton opened up during that period, 
Down to the middle of the last century, the an- 
cient mode of transport of goods was atill con- 
tinued ; and most of the traffic of the country was 
carried on by meane of pack-horses, a mode of 
carriage etill practised in moimtainous districts in 
many parts of the world. As the iraprovemente 
of roads progressed, heavy goods came generally 
to be tran8i>orted by waggons. 

At the commencement of last centuryj stage- 
coaches had made but little progrese in Britain ; 
for we find, in the year 1706, a stage-coach adver- 
tised to perform the journey from Loudon to 
York (196 miles) in four days; and, in 1712, a 
coach undertook to go from London to Edin- 
bui^h (about 400 miles) in thirteen days, " eighty 
able horses being employed on the journey." 
Twenty yeara later, the same journey was per- 
formed by coach in four or five days. The first 
coach was started between Edinburgh and Glasgow 
^ in the yeai' 1678, and it took aix days to perform 
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6 IXLAND TKANSIT. 

the journej', of 42 miles. In the year 1 766, » 
a century afterwards, the same journey waa acs- 
compliflhcd by the atage-coach in eleven or twelve 
houi'3. So late as 1798 the first mail coach com- 
menced to run between Edinburgh and Aberdeen, 
a tliatance of about 117 mUes. It was twenty -odb 
Iioura on the rood. 

Until the intrtiduction of steam- veBsels, travel 
ling from London to Edinburgh was as serious a 
matter by sea as by land. Six or eight days was 
the common time occupied by a emack on thia 
coaeting voyage. In the year 1811 not one eteam- 
TSBSel was on the river Thames; and even the 
passage from London to Gravesend or Margate 
waa no trifling matter. What a contrast does 
the river now present ! How rapid has been the 
advancement in steam navigation during the last 
30 years ! As the power of steam progressed, 
coach transit seemed to vie with it ; and to euch 
perfection had it reached, by improvements on 
turnpike roads, in the breed of horaea, and by 
the skill of drivers, that passengers were carried 
fearlessly along at the rate of 12 to 15 miles an 
hour. Canals too, which are now so common in 
this country, and which were in use at an early 
period in the history of many nations, are but of 
comparatively recent introduction into Britain; 
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they indeed took the lead of railwaysj and perhaps 
theSr 6ucces$ retarded for a time the advancement 
of the latter. The first canal with locks guppoaed 
to have been made in this countryj waa that of 
Exeter in the year 1563; but till two centuriea 
later they made little progress. The formation 
of the Sanky Brook into a canal, from, the river 
Mersey to St. HelenSj in Lancashire^ took placa 
in I755j and led the way to the general uae of 
canala in Britain. J. Brindley planned the 
Worsley canal, for the Duke of Bridgewater, in 
1758, The Grand Trunk canal between the 
Trent and Meraey, 63 miles in length, commenced 
in 1766, wa9 completed in I???, and so rapid was 
the extension of thia mode of transit, that between 
1760 and 1803 no leas than 2295 miles of canals 
were opened to the public. Equally rapid with 
the movement of canals and of ateam navigation 
ha* been the science of railway locomotion. 
Though coming into full action 30 years later, it 
has moved on with truly amazing epeed, evincing 
that the power of steam haa ' effected for this 
country the same prodigious advancement In inland 
transit it has already achieved in manufactures and 
navigation. The immense advantf^e which the 
general introduction of railways into thia country 
has already produced, in affording facilities for the 
B 4 



8 OEIGIN OP RAU^WAYS. 

conveyance of paaaengera and gotxlB, must be 
obvioxia to alL With a rapid and easy mode of 
transit, new markets will be opened up for 
manufactures, whicb must lead to tlie eeta- 
blishment of factories in heretofore nt^lected 
localities. From this impetus the vast resources 
of the nation will be still farther developed; 
the inunense storea of mLnenJ wealth ao widely 
difiiiscd will be made more available, and the 
fields of commerce, manufactureaj and agriculture 
be enlarged and extended. 

ORIGIN OF EAII.WATS. " EOADS OF THE 

ANCIENTS. 

Railways in their present form may with cer- 
tainty be eousidcred as a modem invention, and 
of little more than the growth of a century It 
is understood that the iron railway eyetem is 
entirely of Britigh origin ; and so peculiarly was 
it confined till recent years to this country, that 
it has been designated by some writers the British 
roadway.* But although this may be the fact, 

* II ha3 been claimed for Gemiany that a railway was 
formed in the mountainous district of Hartz, and that the 
principle was brought to England in the year 1676 bjsome 
miners who caine to this country ; but this is not much 
credited. 
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■viewed in connection with the modem principle 
^of ralway construction, etill the idea of forming 
lismooth Burfaces for carriages to run upon — -which 
is the germ of the railway Bystem— cannot be 
deemed a modern invention, but ia undoubtedly 
one of rery great antiquity. It may easily be 
supposed that such a plan would suggest itself 
in very early agca, and would be taken advantage 
of for the transport of heavy loads. Indeed it ia 
impossible to suppose that a people who have left 
us so many colossal works as the ancients have 
done, in Egypt and Persia^ would be ignorant or 
not avail themselves of this method for faeilitatiiig 
conTeyance. Very little, however, has been dis- 
covered of the practices of those nations, or of the 
Greeks, upon this point. But the works which 
the Eomans have left behind them have thrown 
jnuch light on the subject : for of all the works 
of the ancient Komans, no memorials have been 
handed down to posterity more enduring, and 
evincing more labour and enterprise, than their 
I military roads. These seemed to have kept pace 
with the progress of their arms, and every country 
they subdued participated in the advantage ; for 
the Bomana formed their roada, it eecnis evident, 
■with the twofold object of obtaimng supplies and 
for the easier movements of their troops. Several 
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of the Roman roads are famed in history, and 
known to all readers; andourwonderof thi^aingular 
people undoubtedly does increase, when we oon- 
eider the celebrated Appian Way, which was car- 
ried to the extent of 300 milea frora the capital. 
The excellence of the principle on which the 
Boman roads were constructed, and their pro- 
digioua durability, are attested hy the fact, that 
parts of this famed road are yet entire, after the 
lapse of more than nineteen centuriea. Such 
was the extent of roads the Homans miMie in 
Italy alone, — some of which took their names 
from the gates of the city,— that they have been 
estimated by hiBtorians at about 14,000 miles, 

No principle seems more apparent in the con- 
struction of roads by the Komana, than the adop- 
tion of a smooth surface to diminish friction ; and 
hence it may be supposed they were well aware 
of the advantages of smooth wheel-tracks. From 
the description which has been given us by the 
Eomane, of the construction of their roads, there 
must haTe been employed a degree of skill and 
perseverance ahuost incredible. Vast labour seems 
to have been taken in preparing a firm foundation : 
sometimes arches were built, on which it was 
formed ; sometimes piles were driven, as the basis 
«f the road ; and often, substrata of small stones, 
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several feet in tbicknessj were laid. In this country 
these beds of stones, of ao much as tliree feet in 
thickness, have occfteionally been met with. When 
the gtouQcl was brought towards a level, heavy 
stone blocks were laid for the roadway, so as to 
make it firm and smooth. These etone blocks 
have been found of different dimensions, generally 
of an oblong form, though sometimes a cube of 
about eig-hteeu inches. Some of the Roman roads 
are described as being divided into two parte, for 
^fearrlages going in different directions, aimilar to 
B double line of railway, and these lines of roada 
were separated by an intermediate footpath, paved 
with brick, and elevated above the carriage tracks. 
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Wheel-tracks formed of stone or marble, laid 
in parallel continuous lines, have been in use for 
several centuries at Milan and other parts of 
modem Italy ; and these probably owe their origin 
to Koman invention. Indeed, the idea of using 
stone wheel-tracks till witlmi late years was a 
favourite achcme for increasing the power of 
^kiimal labour. Various attempts, accordingly. 
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this ayetcm into Britain, and several tracki 

of coutinuoua stone railsj usually termed tram 

^liMdB, hare been constructed both in England 

and Scotland. The stonea of euch wheel-tnicka 
are usually about a foot in width and depth, and 
three or four feet long. In London^ and moel 
cities, Buch tramways for short distances have long 
been in general use, and found of great advantage 
for ascents. A considerable portion of the road 
leading to the Eaet India Docks from London b 
laid in this manner. There is another of some 
e:ctent on a steep incline a little to the south of 
Edinburgh. There was an extensive stone wheel- 
track near Aberdeen, It waa composed of gramtej 
and was above a mile in length. 

Several persona have proposed plans of stone 
railwaye for common roada and public streets on 
an extensive scale. The plan of Mr. Matthews 
of Walworth waa noticed in a report of the House 
of Commons several years ago ; and the description, 
of another plan is also given in 1824 in voL yj* 
of the Highland Society's Transaetions. 

The want of durability, and the expense, of stonC 
tracks, and their comparative inefficiency for the 
general traffic of heavy carriage s, have prevented 
their general adoption. As they are, however, 
adapted for the wheels of any kind of carriages, 
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eucli a plan of roadway ia extremely uaeful in Bhort 
distancesj for increasing the power of traction. 
This plan has been farther extended by the in- 
troduction of iron plates^ instead of stone, and 
cast-iron causeways have also been tried. Con- 
tinuous plates of iron for wheel-tracks are now 
common. Among the first laid waa one, in. the 
yeai' 1S16, of some length, on an accli%nty leading 
from Glasgow to the Forth and Clyde Canal, at 
Port Dundaa, It was ascertained by experiment, 
when executed, that one horae could take up a 
load of 3 tons, in a common cart weighing 9 cwt., 
without any apparent difficulty. 

A plan somewhat similar was proposed by a 
German at jVIunich, to lay an iron plate on the 
upper surface of the stone -track, in orderto diminish 
the friction and to prevent the abrasion of the 
stones into ruts by the wheels. 

It must be obvious to those who consider the 
science of locomotion, that it would have made 
slow progress indeed had no other plan than that 
of stone whcel-tracka been devisud. The great 
step in advancement was the introduction of the 
wooden tramway, with carriagea adapted tor it. 
This hfld many advantages over the wheel-track : 
not only was the friction still farther dimlniehed^ 
but the road could be kept easier free from ob- 
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ptructiona. The application of tluis nxctliCKl of 
tiftction neccasarily led to its improvement, "Wc, 
who are accuetomcd to the beautiful roada which 
a Macadam* has introduced, c-an form but an im- 
perfect idea of tlie imineuse advantage such ft 
plan must have preseotcd to aid animal labour; 
but the contrast must have been striking in draw- 
ing wlieels over smooth surfaces, instead of through 
the deep ruts of the rude common roads of a 
century back. When it is considered, too, that 
the ordinary friction on a level railroad is only 
about j\j to I of that of a common road, we 
perceive the advantage of the former in a com- 
mercial point of view, as a horse can draw sevenil 
tons more on it than on the latter.f Tlais a much 
greater weight could be moved witli the same 
force on the rail than on the road ; but on an 
ascent, the eamc disproportion does not coatimM 
to exiet ; for the additional weight of the load of 
the carriage on the mils cornea into operation is 
ascending the incline, and, aa the force of gravity 

* Before MacMkm's time tlie inhnLitants of Holland bad 
long enjoyecJ tbe benefit of well-formed and smooth roaJa. 
These are made of small bricks l>edded iti lime, 

f The usual estimate of the draught of a horse on a 
common road ia from 15 to 30cwt., exclusiveof tlie weigM 
of tte cart, 4 or more tons on a plate rail tramroad, and from 

15 to 20 tons on an edge milway including the waggons. < 
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in proportion to the load, the opposing resistance 
diminishes the effect, or positive gain. The im- 
portant principle in railway construction becomes 
therefore, at once apparent — that the more level 
the way, the etraighter and fewer the curves it 
presents, the less will be the loss of power. 
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The characteristic distinction of the railway 
from that of whed-ti-acka or stone tramroada is^ 
that the railway is formed of parallel rails or 
bearers laid on a level, or as near a level as possible ; 
these laila being placed at a uniform distance 
apart, to suit the gauge of the wheels of carriages 
adapted purposely for the track or way, and 
having a margin, or what la termed a ilanch, to 
guide them. When cast-iron plate rails were 
invented, the flancli was made on the rail itself; 
but some time after the introduction into the 
country of cast-iron wheels, which Is understood 
to have taken place about 1754, the plan was 
reversed, and the flanch was cast on the wheeL 

It is not accurately ascertained when railways 
on this principle were first introduced into Britain. 
.They were originally termed tram or dram roads. 
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16 BAILWATS imrENTED. 

or waggon-ways, the name tram-way being applied 
both to railways of this description and to stone 
wheel-tracks, though it is now commonly given 
to the latter. They were at first, probably, 
nothing but continuous parallel logs of wood, with 
a smooth surface. It is generally understood 
that wooden railways were first applied as a sub- 
stitute for common roads at the collieries, between 
the years 1602 and 1649, for the purpose of more 
easily transmitting the produce of the coal-fields 
and other minerals from the mouths of the pits 
to the place of shipment, and of enabling the 
horses to draw greater loads. 

A description is given of a railway in 1766, 
then in use near Newcastle-on-Tyne, whereby 
the carriage is so easy that one horse will draw 
four or five chaldrons of coals. For more than a 
century these railways were made of the most 
simple construction. A flat rail or tram way of 
timber was made use of, resting on wooden sleep- 
ers laid across the road. Probably, at first, single 
lines were only in use ; subsequently, thin plates 
of malleable iron were laid upon the surface of the 
wood, to diminish stiU further the friction. 
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Hiulways continued much in. this form for about 
centmy, and little attention was bestowed on 
their improvement till the year 173&, when raila 
wholly of iron are said to have been tried at 
WhitehaTen, as a subBtitute for wooden ones ; but 
this attempt did not succeed. Some years ago 
Mr. K, Stevenson, C. K^ Edinburgh, took some 
pains to investigate the subject j and he obBcrves, 
in "Notes in reference to Essaya on , Railways 
presented to the Highland Society, in 1819, by 
Mr. Scott and others," that he had reason to 
believe that the introduction of rails wholly 
made of iron did not take place till the year 
^^1766 or 1768, and that he had ascertained 
^■khat d or 6 tone of rails were cast at the iron- 
works of Mr. William Reynolds at Colehrook 
Dale in Shropshire, in Xovembcr, 1767. From 
an account of the introduction of iron Kiilg at 
these works, which was given by Mr. Hornblower 
in a report on roads, made to the House of Com- 
mons in the year 1811, it appears that a wooden 
railway was in use there until about this date, 
when it was resolved to lay down cast-iron pktes 
5 feet in length, 4 inches broad, and a quarter of 
,n inch thick, with three holes in each foic nailing 
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to the wood. These rails must have been very 
imperfect, having no guide-flanch, although it wa8 
soon after introduced. Mr. John Cuir stated, in 
1797, in the preface to his work*, that the making 
use of cast-iron rails, and corves or coal waggons, 
was the first of his inventions, and was introduced 
hj him at the underground works of the col- 
lieries of the Duke of Norfolk, near ShefiSeld, 
about 21 ytears before he wrote. This would 
make the date of his introduction of cast-iron rails 
about 1776 ; but, as before observed, rtuls made 
wholly of iron seem to have been previously in use, 
but whether with a flanch or not, appears doubtful 
Mr. Curr describes the rails he made use of in 1797 
as oast-iron plates 6 feet long, three inches broad, 
and half an inch thick ; and the maigin, or ledge, 
which was half an inch thick, and rounded on the 
, t top, stood two inches high above 

▲I I the plate. Fiff. 1. shows the end 

_„ JlUfdfc,— ""'"^ of Mr. Curr's plate raiL 
f lit remarks that these rails 

j" I were considered a great im- 

pf^ ^ 1 1 ro rement on the common iron- 

Fig- 1. plated wooden tram-road ; and 

fajs plan was imitated, and applied at most of the 
collieries for three successive years. 
* "CJoalViewer's&c. Practical Companion:" London,I797< 
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About this period more importance appears to 
have been attached to the railway principle of 
traction, which hitherto had been confined entirely 
to the carriage of minerals. It has been stated 
that the first public railway in England was the 
one constructed at Loughboroughj in the year 
1789, under the direction of the late Mr, WiUiara 
Jeasop, engineer ; and to hlni ie ascribed the first 
introduction of cast-iron edge rails (for which a 
patent was granted) with flanchea cast upon the 
tire of the wheels to guide them on the track, 
instead of having the margin or flanch cast upon 
he rail itself, aa described by Mr. Curr. 
The upper surface of Mr. Jeasop's rail was 
made level, section, ^g. 9., and the under part 
of an elliptical form, front view^ Jf^. 3., now 
^, i^/T T— ^ termed the fish-bellied 
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"ir^ When first introduced, chairs 



or pedestals, as now employed 
Fi's. 2. /(<?. 3. to support the rail, were not 

used ; but the rails are described as having a flat 
base projecting outwards on each side of the end 
of the rail, through which there were equare holes 
for the bolts to pass to fasten them to the sleepers, 

c 2 
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Subsequently- the ends and joinings of the nub 
were supported by means of iron chairs placed 
on square pieces of timber, which gradually became 
superseded by stone props or separate blocks of 
stone. These are stated to have been first em- 
ployed, in 1797, by the late Mr. Bams, at the 
Lawson Main colliery railroad, near Newcastle- 
on-Tyne. Stone blocks were likewise used .in 
the year 1800, by Mr. W. Outram, engineer at 
the railway of Little Eaton in Derbyshire. In- 
stead, however, of employing Mr. Jessop's edge 
rail, he used a plate rail, figs. 1. and 7., with the 
guide flanch for the wheel cast on it, as, notwith- 
etanding the advantages of the edge rails which 
Mr. Jessop had introduced, the plate rail conr 
tinned long in general use. The next form of 
an iron rail proposed is one described in the patent 
granted, in 1803, to Josiah Woodhouse, C. E., 
Leicestershire. He proposed a form of rail «r 
plate to be made of cast iron, the 
upper surface of which should be 
concave, (^fig. 4.) and the width o* 
Fig. 4. the rail or plate to be increased or 
diminished to suit the size of the wheel of the 
carriage. The reason he stated for adopting a 
concave form of rails was, that while the wheels 
■of carriages were kept in the right direction, 
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they adaiitted of getting upon or from tliem with 
facility. These mils were chiefly intended to be 
Imbedded in common road?. 

Perhaps the first distinct account made public 
of an edge railway of any extent waa by Mr. 
Wyattj, in 1802, who gave a description of a 
railway of considerable extent, constructed by 
him, at the slate quarriea on the late Lord 
Penrhyn's estate, near Bangor, North Wales- 
He gave a farther account of this railway in a 
letter to the editor of the " Repertory of Arts," 
dated Lime Grove, Aprilj 1811, in which he 
tnentioned that this railway BtiU continued in its 
original form, excepting the aiUa and beds ; these 
had been firat made of wood, but he had found it an 
ipTOvement to make the chaira of east iron. In 
fig. 5., a is a section of Mr. Wyatt's rail, which waa 
Jboade in lengths of 4 feet 6 inches. An iron tenon, 
b, waa cast on each end of the rail, 2 
inches long, which was made to elide 
into c, a dove- tailed block: d is the 
•wheel. This form of rail does not 
^: \ \ appear to have been introduced at the 
_ collieries in the North of England, 
t%S. B. Tvhere edge rails, as represented in 
j^g. 3,, or plate rails, were chiefly employed. 
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PLATE BAELS IMPEOVED. 



The next pmpOKJ for an improTement on iron 
TBJla emanated from Mr. Charles Le Caao of 
Llanelly, in Wales, who, in the ytair 1808, re- 
ceived a premium of twenty guineas from the 
Society of Arts for an improved tram-plate for 
carriages. The principle of this invention was 
dispensiug with spikes or naUs, commonly used 
in fixing the plates to the blockfi, by having plugs 
or atops cast at certain distances on the rails. 
^iff, 6, J4 im end view. He de- 
scribes the tram-plate ag 3 feet in 
length, with a flaneh on the outer 
edge half an inch high ; the sole, 
or bed, for the wheel, about 4 
Fiff. 6. inches ; and the metal itself three 

quarters of an inch thick; the rail weighing 14 lbs. 
to the foot. The platea were fastened together 
by means of a tenon and mortice joint, each piece 
having a corresponding bevel sufficient to keep 
the ends from rising up. He pointed out the 
advantages of the plan to be, that^ when the 
blocks were put in their places, they would not 
sink beyond the Intended level ; that driving plugs 
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and spikea was rendered imneceesaiy ; that the 
breakage of the rails was avoided, and that the 
carriage wheels were not obstructed by the heads 
of the nails. 

This inyentlon. clearly points out the progress 
which raU or traoi roads had made at the com- 
menoement of the present century ; and that thia 
subject at that period was attracting more atten- 
tion may be seen from the communication Mr. 
Le Caan made to the Society, in which he re- 
marked that railroads were dadly increasing, from 
the great advantages they afibrded in mining, 
mineral, and agricultural districta. 
k There are still in existence in different parts 
of the kingdom railroads of the most primitive 
construction, which may enable one to judge of 
what importance were the improvementa made 
by Mr. Le Caan. 

In the year 1801 an act of parliament wae 
obtained for making the Surrey iron railway. 
It extended from Wandsworth, on the Tbamei:}^ 
near London, to CroydoDj a distance of 6 miles, 
and the cost of its construction, with a branch to 
Carehalton, was 60,000t The same railway was 
extended in the year 1803, from Croydon to Merst- 
ham, Keig^te, and Godstone, above 15 mlleB, and 
at a cost of 90,000/. As the tram-way exists in 

£ 4 




its original state from Wandsworth to Cro; 
it may be contrasted with the London and South 
Western railway, which cnoases it about a mile 
from Wandsworth, affording an example of the 
advancement made in tlie last forty years. 

The Surrey tram-way was formed at a period 
before edge rails had come into general use: 
hence cast-iron plate raiU were adopted. Th^e 
are made in pieces 3 feet in length, 4^ inches 
broadj and half an inch thick, with an upper ver- 
tical guide flancb, about 2 inches. Both the upper 
flanch and the under ledge are slightly elliptical, 
for the purpose of strengthening the plates. 

Fiff. 7. shows a transverse 
tion of a plate and block of this 
kind. On the Surrey tram-way 
the blocks are, however, merely 
; I rough Btonea. A block la placed 

I— under every joining, and 

ground is made up nearly lev 
with the top of the rails. The plates are fastened 
to the blocks by means of a spike driven into 
Wooden plug, there being a notch or groove in the 
end of each plate, bo that one spike holds down 
the two plates. The whole work is of a coarse 
description. The plates, being imperfectly 
down, are easily shaken, and the rails present : 
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aequaUties from the sinking of the blocks, which 
has led to the breakage of the plates : the friction 
must, therefore, be considerable. The usual load 
which a horse can draw on it is, however, said to 
be about four tons. The carriage wheels used for 
the waggons (which are entirely drawn by horses) 
are about two feet in diameter, and the tire of 
the wheels 1^ inches. 

There arc two lines of rails laid down, the 
gauge of which ia four feet, with an intermediate 
space of five feet. Notwithstanding the general 
levels of this tram-way being good, and that it 
affords facihtiea for conveying agricultural pro- 
duce to LondoHj, and the return of manure to 
the country, there is not much traffic on it, being 
Buperseded by the more efficient system now in use. 

It cannot be wondered at that the public 
Opinion, with such an example aa this, should 
have been for eevei:ul yeara unfavourable to rail- 
ways, Plate railways, however, continued for 
long in common use after this one was made. 
^Hn the year 1808 an act was passed for the con- 
struction of a tram-road 9^ mdes in length, of 
I A aimilar description, between Kilmarnock and 
pTroon in Ayrshire, being the first public railway 
that was formed in Scotland. It was a double line 
of way laid with a plate rail bedded on stone 
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blocks, similar to tbe Croydon tram-road, Anotber 
railway projected about tliis period, 1810, was one 
from Glasgow to Berwick. It waa surveyed by 
the late Mr. Telford, and the expense estimated 
at 2926/. per mile ; but it woa never commeuced. 
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The plate iron rails were made of caet iron till 
about the year 1824, when wrought iron came to 
be adopted. The chief recommeudation of plate 
railfi must have been tlieir chcapncsg of fonDation, 
as edge raila required a greater quantity of ma- 
terial; but the objection9 to the former arising 
from the friction of the wheels against the upright 
flanch, the broad surface of the plate collecting 
obatructiong on it, the numerous joints interfering 
with the action of the wheels, and the constant 
repairs required when heavy traflSc waa carried 
on, must have always detracted from their utility. 

Plate iron raila of other forms have occasionally 
been used in this country. In the United States 
a very simple pktc rail of malleable iron ia ia 
common use, coosisting of iron bars 15 feet long^ 
2i broad, and from J^ to f of an inch in thickneBa, 
fastened to a wood or stone raiL The flanch is 
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placed on the wheels, as in the edge rail, BaiJ> 
ways are worked with locomotive enginea on this 
kind of rails, with considerable sucoessj atmodemte 
velocities, and, from the abundance of timber 
and the little outlay required for iron, the adop- 
tion of this plan becomes an object, having the 
advantage of the materials on the spot. The first 
railway undei^tood to have been constructed there 
was in the year 1827, called the Quincy railroad, 
four miles in length, from a granite quarry to 
the shipping port of Neponset. Since that period 
railways have been extended with even greater 
rapidity than in this country, and are still 
rapidly advancing. It is said that about 5000 
miles of railways have been made ; but ais many 
of these have only a single line of way, are of 
an inferior construction, and intended for bIow 
speed, they can hardly be compared with the 
;ly undertakings in this country. It may 

iHj be surmised thatj iu eo many milea of rail- 
ways, many plana must have been tried. On 
some of the lines, rails similar to those used 
in this country are adopted ; on others the iron 
plate T&ils have in some instances been laid upon 
continuous blocks of granite; but the more general 
plan, however, is to place them on longitudinal wood 

Is. The annexed sketch (;?^. 8.) shows the trans- 
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verse section of the Saratoga railway, constructed 
in the latter way, a railway 
of this kind being considered 
well adapted for swampy 
districts, and where forests 
abound. The bed of the rail" 
way is first formed wiA 
parallel trenches, 18 inches 
square, filled with small 
j.^ stones, wliich serve as a drain 
to keep the timbers dry, and 
cross trenches are made in a similar manner, and to 
attain the same objecf, under the cross sleepers. 
Upon the parallel trenches, along the line of the 
railway, are first placed longitudinal timbers of 
yellow pine, with a scantling of 5 or 6 inches by 8 
inches, and to these, at three feet apart, are firmly 
Secured transverse wooden sleepers of white oak, 
(cedar, or locust, orother wood,) sometimes 6 inches 
square, and at other times with a scantling of 8 
or 10 inches broad, and 10 inches deep; and, 
lastly, the longitudinal wooden runner, 6 or 8 
inches square, which forms the line of rails, is 
fixed ; upon which the plates of iron of the 
size previously stated are laid and fastened with 
iron spikes with the heads made flush with the 
plate. On other lines, as the New York and 
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Boston, the under timbers are dlBpeneed with, and 
transverse sleepers, 7 feet long and 8 inches 
8(jaare, are laid, upon which the longitiidinal tim- 
bers are fixed, surmounted with the plate rail. 
On the Philadelphia and Columbia railway, 82 
miles in length, under the management of the 
state, several plana have been tried experi- 
mentally. On the Baltimore and Ohio railway, se- 
veral miles of rails are laid with granite sills, or 
a continuous curb, in pieces from S to 9 feet long, 
5 incliea broad, and 8 inches thick, upon the 
inner edge of which the iron plate ia spiked down 
to tree-nails of oak : on other lines the blocks 
are one foot square, and rest on a stratum of broken 
stoiiee. A short distance of the Quincy railway 
18 likewise laid with stone blocks. Some of the 
rails, from the sharpness of the om'ves^ are con- 
nected together with iron ties. It has been 
found necessary, to prevent impairing the effi- 
ciency of this kind of railway, to place the iron 
lis more towards the centre of the blocks. 



WOOD RAILS. 



this country the system of wooden railways 
lately been revived by IVIr. Prosser, chiefly 
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to take advantage of his guide wheel, and a few 
miles of timber rails have recently been experiment 
tally lud down at Wimbledon Common. The rails 
{Jig. 9. a, a,) are formed of square blocks of wood, 




Ijeech or hard wood, without any protecting Iron 
plate, 9 feet long, and 6 inches square, attached to 
wooden sleepers h, and secured by wooden wedges, 
forming one great frame of longitudinal and cross 
sleepers. A part of the timber has been sub- 
jected to Mr. Payne's, and a part to Sir Thomas 
Burnett's patented process for increasing the du- 
rability of timber. Mr. Prosser states that the 
advantages to be derived from the use of his 
patent guide wheels in connection with the wooden 
rails are, that, from the greater bite wheels 
have on wood than on iron, a steeper claas of 
gradients can be ascended, that shorter curves 
can be taken with safety, and that the general 
liability of carriages to run off the line is di- 
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mimshed, to which he adds, the cheapness of the 
original construction. Mr. Proseer has done away 
rith the flanches on the carriage wheels, but con- 
siders that the advantages derived will be greater 
from the substitution of a guide wheel for the 
fianch on the bearing wheels, and that the in- 
vention 19 equally applicable to iron rails as to 
those of any other material. 
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Although many plans were devised after the 
introduction of the edge rail into this country, 
no very decided improvement took place till the 
year 1816, when Mr, Losh, of Walkendj and 
Mr. George Stephenson, who was at that time 
at KHiingworth, obtained a patent for a cast-ii'on 
rail, which was at the time deemed an improve- 
ment over the common mode. The practical evil 
then existing in the system of laying the rails 
was the obstruction which the waggon wheels 
met with at the joints, and from the shock that 
was given, the rails were displaced and broken. 
This led to different plans of rails andchah-s being 
proposed as a remedy. The object of the patent 
was to fis the rails immoveable in the chairs. The 
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rails were joined by what is termed a half-lap 
joint, with a pin or bolt which fixed them. Tbe 
object intended to be effected was, that the end of 
one rail should not rise above that of the adjoining 
one, and securing the rails from yielding in the 
event of the block sinking. 

Fig. 10. shows the jointandblockof the patentruL 
Fig. 11. Transverse section of nuL 
Fig. 12. The plan. 




Fig. 10. Fig. II. 



Fig. 12. 




A somewhat similar form of a rail was 
proposed by Mr. B. Thompson, 
and tried at the Brunton and 
Shields railway. In this plan 
the chair had only one cheek or 
Fig. 13. side, and the rail was fastened 

to the chair by means of a screw-bolt. Fig. 13. is 
a transverse section of the rail chair and screw- 
bolt. This plan of fixing with screws was found 
to be attended with inconvenience in practice, 
wedges or keys being preferred. 
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The first decided improvement, however, in the 
construction of iron rails suitable for i-apid speedj 

as the substitution of malleable iron insteatl of 
cast iron; for it must have been obvious that 
the great deaidcratuni was to obtain a rail of 
sufficient strength. Mr. N, Wood atatce, that 
malleable iron-edge rails were first tried about the 
year 1803, at the Wallbottle Colliery, near New- 
castle-on-Tyne, by ilr. C. Nixon. The raila made 
use of, were short bars, only a few feet in length, 
joined together with one pin, by a half-lap joint, 
the end of the one rail projecting two or three 
inches beyond the end of the adjoining one ; but 
at this time the preference was given to cast-iron 
rails with a broader surface. 

According to a report made by Mr. E. Ste- 
venson of Edinburgh, dated December, 1818, 
malleable iron-edge rada were first introduced 
about the year 1810, at Lord Carlisle's coal- 
works, at Tlndcll Fell, Cumberland. At tlie 
time he wrote, he observed, that 3^ miles of 
malleable iron rails had been in use for eight years 
at that coal-work, where there were also two miles 
of caet-iron rails, and the malleable iron was 

D 
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found to answer the purpose in every respect 
better. Thk statemeat was corroborated bj ft 
letter from the works, dated May, 1819, in 
which it 13 mentioned that malleable iron raiia 
had been laid down for eight yeara without 
requiring alteratious, while the cast ircwi were 
attended with a daily expeaae from breakage. 
Mr. Steveneon eeema to have been etrungly im- 
pressed, at the period he wrote, with the sape- 
riorily of malleable iron for the rodking of edge 
rails. He remarked, that the plate rail, then ao 
much used, not only induced greater firiction, but 
tended to clog the wheels ; that the apphcation of 
malleable irou edge-raib, instead of caat iron, 
would be attended with moat important advan- 
tages to the railway system, find that he gave a 
decided preference to malleable iron, formed ifl 
bars from 12 to 15 feet in length, with flat 
gidee, and parallel edgea. Subsequent events 
have fiilly proved the truth of this conjecture ; 
but the general opinion at the time was against 
the u«e of mall04],blc iron for rails, on the ground 
of its greater liability to oxidation, and of the 
mode of rolling rendering them fibrous, and liable 
to kuilnations ; and Mr, Wm. Chapman, in his 
report ou the Newcastle and Carlisle railway, 
1829, was unfavourable to malleable iron, on 
these grounds. 
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The application, however, of QiaUeable iron 
Is was extremely limited until after the year 
1820, in October of which year Mr, John Birk- 
enshaw, of the Bedlington iron-works^ obtained 
a patent for an improvement in their construe- 
lion. Previous to this patent, the Bection of 
■the rails was either a square or an oblongj or 
eometimes a bridge form of rail waa used. In 
the specification of the patent, the invention is 
described to be "malleable iron bars formed in 
prisme." The upper surface of the bar, on which 
the carriage was to run, was to be made slightly 
convex, to reduce the friction, and the under part 
to rest on the supporting blocks, chairs, and 
Bleepers. The wedge form wae proposed, he 
Btates, because the strength of the rail h always 
proportioned to the square of its breadth and 
depth ; and that hence this form of a raQ poa- 
sessed all the strength of a cube equal to its 
square; he also adds, sufficient strength ought 
still be retained, and the weight of the metal further 
reduced, by forming the bars with concave sides, 
prom the sketch Mr. Birkenehavv gave of his railg, 
in 1820, they differ little from the single parallel 
ids now used, except iu the form of the bar itself. 
Although this patent invention did not present 
anch. apparent novelty, still the attempt to intro- 
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duce a scientific principle of construction, led the 
way to the vast and endless variety of forms of iron 
rails which have subsequently been introduced, and 
in which much ingenuity has been displayed. For 
many years after this patent was taken out, public 
opinion seems to have been in favour of the ** fish- 
bellied edge rails," as introduced by Mr. Jessop ; 
and accordingly this form of rail was most generally 
used. We have seen that Mr. George Stephen- 
son, in conjunction with Mr. Losh, had taken out 
a patent for an improvement on the form of rail 
in 1816; and on the Stockton and Darlington 
railway, where the former gentleman, who has 
been justly considered the father of the loco- 
motive system of trafiic, made his first appearance 
as a railway engineer, the original rails, probably 
laid down in the year 1821 or 1823, were of the 
fish-bellied form, only 28 lbs. to the yard. 

This shape of rail was afterwards made in 
malleable iron, and adopted on several railways. 
In the year 1829, Messrs. Losh, Wilson, and 
Bell obtained another patent, for a mode of join- 
ing rails of this form without a pin, as proposed 
in Mr. G. Stephenson's former patent ; and their 
patent rails were laid down on the Newcastle and 
Carlisle railway, in 1829, and in other places. 

It may be observed how slow was the progress 
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of invention in railway conatruction, until tlie 
patent for the malleable iron rail was obtained, 
in 1820 ; indeed it may be said, that till then no 
material alteration of the principle ttpon ivhicli 
railways had long been constructed took place. 
At thia period, indeed, the vast capabilitica of the 
railway system were hardly sin'miaed ; it was 
confined nearly to its original application for 
traction at collieries; for the whole railway Acts 
for the preceding twenty years were only twenty. 
At this time the Stockton and Darlington rfdlway 
company had not assumed a public form ; for it 
waa not till 1821 that they obtained their first 
Act, to construct a tram-road from Stockton on 
kTees to Witton Park CoUicry, with several 
branches, for which a capital was proposed of 
£82,000, in i'lOO shares, besides a loan of 
20,000. In 1823 and 1824, the powers of the 
company were further enlarged by other acts. 
At this period the number of niilways in the 
United Kingdom waa considerable, when those 
at coal and iron worta were added : and these were 
all worked either by horse power or by gravity. 

One of the best railway engineers, about thia 
ime, in England, waa the late Mr. William 
James of Warwick, who planned the first railway 
of any length in England, the Stratford and 
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Moreton railwaj, for carrTuig coal and agricnltnTal 
produce. It was completed in 1821 ; was 18^ 
miles, in length including bruiches, and was also 
worked hj horses. 

Another individual who, about this period, 
displayed much prescience in the railwaj system, 
was Mr. Thomas Gray of Leeds, who, from a 
work he published in 1820, entitled ** A General 
Iron Railway," has been oonudered the projector 
and founder of the present iron railway- system. 
It has been stated that Mr. Gray, like nmny odbet 
projectors, has reaped no advantage from his 
useful suggestions, which is more to be r^retted, 
when so much wealth has been acquired by rail- 
way schemes. No one, a few years ago, or in 1820, 
could have forseen the giant strides which the 
system of railway transit, in so short a period, could 
have made ; and the spirit and enterprise which 
have been displayed in carrying out their con- 
struction are beyond human calculation. All this 
success has, however, sprung from one single 
circumstance — the invention of an e£Scient im- 
pelling force ; for without a powerfiil prime mover, 
of how little utility the ferreous system for pas- 
senger traffic would really have been, is at once 
ascertained by contrasting the railways at that 
time in use with those at the present. 
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Not thirty years buck, large sums were espeiided 
the construction, of railroads for horse traffic, 
I on which passengers considered it a boon, from 
the cheapness of the fares, to be drawn in car- 
riages, by one horse, at the rate of 8 or 10 miles 
an hour. So late as 1826, el railway Act was 
passed for conatructing n cast-iron edge railway, 
worked by horse power, between Edinburgh and 
Dalkeith, with branches to the coal-works, which 
was opened for traffic in 1831, and it ia still 
rorked in the same manner. This railway is 
indeed about to be rcmodeUed and extended, for 
locomotive transit ; for at present, from the light- 
neea of the rails originally laid down (which 
were fish-bellied, about 28lb. per yard, on stone 
blocks and chairs), and from the short radii of 
several of the curves (600 feet, or less than one 
eighth of a mile), this railroad is unfit for loco- 
motive engines.* Its alterations will, however, 
be attended with much expense, and may even be 
imperfect when completed. It would be more 
advantageous perhaps to leave it as it is, for 

V * On railways, the tengthfl arc described in miles, chains, 
yards, and feet One mile contains 5280 feet, ]?60 yards, 
or 80 chains. A thoiti is subdivided into 100 links; and 
the frac-tional part of a chain Is expressed decimally, aa 
lO'S, which is lOi chains, a little more than one eighth 
part of a mile ; 10T5, which ia lOJ chains, &c. 
n 4 
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coal traffic, and construct a more direct line of 
railway. 

Other railways at the same period were con- 
structed for horse power, some of which have 
already been altered to suit locomotive en^es. 
So late as 1831, an act was obtained for con* 
structing the Whitby and Pickering railway for 
horse traffic*: several small railways are still 
worked with horses. It has indeed been well 
remarked, that excepting on account of hu- 
manity, little comparative advantage, so far as 
passengers are concerned, could be gained by the 
use of railways worked with horse power, over 
the old mode of travelling by stage coaches, and 
even this is doubtful. 



BIGIDITT OF MALLEABLE IBON BAILS. 

It would be tedious to describe the multiplicity 
of forms which have been proposed of late years 
for iron rails : one indeed might be puzzled, amongst 
the variety, to determine their relative merits, and 

* On this railway, the average speed at which the carriages 
are drawn, is 11 miles an hour ; and at this speed, one horse 
will draw a carriage weighing 3 tons, and about 30 passengers; 
in all, 5 tons. 
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fix on that which is best. It is important, 
however, for understanding properly the conatruc- 
of railways, to have a clear conception of the 
different methods which have been adopted in 
laying down the rails on diffi;rent railways. 

After the formation of the road, and when the 
bunks have become consolidated, the great prin- 
ciple to be kept in view, where steam ia the motive 
)wer, is the application of malleable iron rails, 
such a manner that they shall have sufficient 
ibility for heavy canriagea to ran upon them ivlth 
velocity and safety. 
For a long time after the introduction of 

malleable iron rails^ 
the plan oi" support- 
ing the raild at in- 
tervale on props, as 
the piera of a bridge, 
as shown in Jit/. 14., 
^was continued, and is etiU the method adopted in. 
le great majority of the railways iu tills country. 
The iron rail being obviously liable, between these 
supports, to be depressed or deflected, when 
J heavy loads passed over it, and, if it possessed 
luch elasticity, to become dangerous, as acting 
like a spring, it therefore became an important 

tgive it such a form, and auch strength. 




J'ljf, 14. 
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that the undulations it might be subjected to, 
would not communicate a shock and disturbance 
of the joints, and add to the amount of fnetion. 
A great deal has been written on tins imp<»t8nt 
subject ; although it might have seemed an easier 
thing to adopt another plan entirely, where the 
deflection of the rail would be merely nominal, 
than to endeavour to correct a plan, in the prin- 
ciple of which there was an inherent defect. 

The form of rail, it haa been shown, which was 
long in general use, and preferred, was the ellip- 
tical, which, from the upper edge being level, and 
the under part swelled out, was supposed to possess 
greater strength. Of this shape were the malleable 
iron rails first laid down on the Liverpool and 
Manchester railway, weighing only 35 lb. per 
yard. Fig. 15. is the elevation of this nul and 
'. ? ^^ chair. 

[___r;:^ — -Ji ▼ Fig. 16. is the 

Y J ^ ' I H section at the middle 

Fig. 16. of the raiL 

Fig. 17. is a Section 
through the rail and chair. 

These rails were, however, 
soon ascertained to be too 
light ; and heavier ones, of 
the same shape, were adopted. 



Fig. 15. 




Fig.n. 
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Fig. 18. 13 a Section of tb.e 50 Iba. 
elliptical rsilj laid down on the same 
|\-i nulway. It waa 4 inches at the ex- 
treme depth in the middle ; and 3 
incheg at the bearin"g, 
i^. 18, This shape of rail continued to be corn- 
only used on railways until the year 1835^ when 
the Directors of the London and Birmingham Rail- 
way Company requested Mr, P. Barlow, F.K. S., 
to visit the Liverpool and Manchester railwayj with 
the view to advise the Board as to the weight of 
the ralla, the description of chairs and fasteninggj 
the distance of the supports, and the size of the 
blocks, to be adopted. In order to ascertain 
accurately, by experiment, the strain which a load 
in rapid motion produces upon the rail, or bar of 
iron, over which it passes, compared with the 
known strain produced by an equal load qui- 
eecent. Professor Barlow used, for the purpose of 
measuring the exact amount of deflection, an 
instrument which he called a dcflectometer ; con- 
eting of a eystem of well-balanced levers, with a 
registering index : one point of the lever being 
applied under the centre of the rail, the greatest 
deflection the rail sustained, during the passage of 
a heavy load over it, was distinctly indicated. The 
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experiments were conducted at the Liverpool and 
Manchester railway, with nuls of different forms, 
placed on bearing-blocks, at different dLstances 
apart ; and the results were ^ven to the public in 
two reports : — 

He stated that he had proved, '' that while 
blocks and fixings are secure, the strain from a 
passing load is but little in excess of that from a 
quiescent load, or as '089 is to '079 parts of an 
inch ; whereas the effect on the joint-ends amounts 
to '121 inch, being an excess nearly of 40 per 
cent. ; but this excess of strain at the joints was 
in part due to the looseness of the chair and 
block; for while the deflectometer only showed the 
amount of deflection when the load passed over, 
the lurching of a waggon, from some irregularity, 
would indicate double the amount. If the deflec- 
tion per ton be taken at '0050 inch, with 33-inch 
clear bearings, 3 tons at 45-inche8 bearings gave 
•0314 when at rest, and '0353 when in motion; 
showing that, when every thing is well fixed, the 
strain is nearly the same, and that each rail is 
only pressed with half the weight of one pair of 
wheels." 

This result, it must be obvious, is what a priori 
might be expected; and as the joints are most 
affected by the shock, the plan of reducing the 
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number of the jolotaj or increasing the length of 
the bars, from the first forma of rail which were 
used, was long ago adopted. Still, however, as 
the vertical deflection of the bar increases the 
disturbance of the joints, it becomes a point of 
the greatest practical importance to fix the best 
distance to place the props apart ; and it would 
therefore have been of much use had this i>oint 
been conclusiTcly fixed; in place of which, the 
result of Mr. Barlow'a experunents seems to be, 
that he considered that, by increasing the section 
of the bars proportionablj to the distance of the 
props, the two might go on pari passu ; — that, in 
practice, it will be found more important to 
increase the weight or section of the rails, and to 
decrease the number of the beaiings *; — that there 
were limits, however, even as to this, which could 

tot be conveniently passed; for if the bearings 
'ere much extended, the breadth of the rail must 
e so much increased as to require a weight of 
iron altogether inadmissible ; or the depth must be 
increased in the same proportion aa the length of 
the bearing, which ia impracticable i or if the J 

bearings, on the contrary, were too close, the 
equisite quantity of iron in the bar may be so 
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Lieutenant Lecount, R.N., wrote ftgninst lengttieninf; 
the bearings, in his work, 1636. 
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siuall as to give a very unsatiafactoiy aection;— 
that it is atilt, tbc^reib^e, a question wliich is tk 
best length to adopt, or whether diSerent lengtk 
might not be employed, aocordiag to local cif- 
cumatancesj—that, so far as mere present outlay 
is concerned, the plan which will cost the leait 
money, can oidy bo known when the price of 
etone, expense of labour in laying, and price of 
iron, are given; but looking to future expenses, 
he would certiunly prefer the larger bars and 
longer bearings; — that it was however useleflSi 
restricted as above, to examine any distance of 
bearings less than three feet, and more than sii; 
— ^and with this restriction, he thought that such 
increased thickness might be given to the ii'on as 
would enable it, even with the propa fartier 
apart, both to meet the veilical pressure, and resist 
the lateral strain, when the iiuls are laterally 
deflected at the outer sweep of curves ; for the 
deflection of the longer bearings, although greater 
than the shorter, wa^ not to a large amount. 

Mr. Barlow came to the conclusion, that the 
strength of a bar should be double that of the 
mean strain, or load. In his first report, he 
thought from 10 to 20 per cent, would be euffi- 
cient; that is, for a 12-ton engine, as the weight 
is at present distributed, a strength of 7 tons 
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ould lie ample provision ; and with greater ac- 
curacy of conatructionj a leaa etrengtb would 
suffice ; or ratlicr, allowing tLe same strengtii, an 
engine of 14 or 16 tuns might be passed over 
with greater confidence. Thus, for 12 tons' 
eight, with a velocity of about 35 miles per 
hooT, 7 tons would allow a surplus strength of 
16 per cent, beyond double the mean etrain. The 
deductions from his experiments led him to re- 
mmend that the section of an iron rail for a 
5-fect bearing, with strength 7 tons, should not 
exceed 5 inches in depth ; that the head ought 
not to be less than 2'25 lbs. per yard, and be 
inch ia deptli ; that the whole weight at the 
tions sliould be 67*4 Ibe. per yard ; tlie tliiekncBS 
of the middle rib, '85 inch ; depth of bottom web, 
1'66 inch ; and breadth of tlitto, 1^ inch ; that the 
deflection of such a rail, with 3 tone, would he 
•064 inch. 

Fiff. 19. is the sct^tion of a rail of this ehape, 
laid down, on one railway, 60 lbs. per 
yard. For bearings of leas width, he 
did not reduce the weight or size of the 
bead, but kept it at the same section, de- 
creaeiog the whole weight and depth of 
ic rail : thus for a strength 7 tons, 
with a3-feet bearing, the whole weight 
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was 51 '4 lbs., whole depth 41- inches, depth of 
bottom web 1 Inch, breadth 1*25 inch, thickness 
of middle rib *6 inch, deflection with 3 tons was 
•024 inch. 

Section for a 3-feet 9-inch bearing: whole 
depth 4|, depth of bottom web 1 inch, breadth 1| 
inch, thickness of middle rib '75 inch, of whole 
weight 58*8 lbs. per yard, deflection 3 tons "037. 
Section for a 4-feet bearing : whole depth 4| 
inches, depth of bottom web 1 inch, breadth of 
ditto l^ inch, thickness of middle rib '8 inch, 
whole weight 61*2 lbs. per yard, deflection with 
3 tons "041 inch. 

Section for a 6 -feet bearing: whole weight 
79 lbs. per yard, whole depth 5^ inches, depth of 
bottom web 1^ inch, breadth 1*66 Inch, thickness 
of middle rib 1^ inch, deflection with 3 tons -082. 
Such is the form and section of laSl recom- 
mended by Mr. Barlow ; and It is seen, from the 
above description, that although he preserved the 
same strength and resistance in each of the rails, 
the important feet is brought out, that the longer 
bearings are less stiff than the shorter, showing, 
as he admits, that the Idea of greatly increasing 
the distance of the bearings must be given up. 

Mr. Barlow's report has shown that it was 
doubtful if any additional strength was gained, 
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a given weight of iroiij by tJic elongation of 
the centre rib, while it waa inconvenient in other 
respects. The fish-bellied or elliptical form of 
,il has therefore been entirely given up, except- 
g on i-ailways where it had previously been 
adopted. The rails which are now in general 
, are either the single parallel railj as proposed 
y Mr. Barlow and othersj under the various 
forms called T rails, or what have been termed 
double parallel rails, like a double T, having a 
Itop and bottom flanch parallel with the ground, 
t^^r- ■-. Fig- 20. IS, the section of a single 
^fe ^ parallel rail of 50 lbs weight per yard, 
w ■ tel which has been used on several rail- 
JpL ways. 
I ^B Notwithstanding that Professor 

Fig- 20. Barlow expressed a strong opinion 
in favour of the single-flanched rail over tlie 
double,- — that he conld see no advantage the 
latter poasessed to compensate for ita actual and 
obvious defects, that he considered it inferior in 
trength and convenience in fixing, and that the 
advantage it was supposed to possess, namely, that 
it might be turned when the upper table was 
worn down, was impracticable, and that he 
saw no advantage in the broad bearing, — still 

t)le-headcd rail, in practice, has almost 
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entirely superseded the eingle one : whetlier the 
adoption of the double one arises from afibrdii^ 
greater convenience to the rail layer, and facilities 
for keying it, and the advantage of having the power 
of reversing it, and selecting the best eidc, or from 
the manifest tulvftntage of a broad bearing to the 
rail, — thia form is now generally preferred. 

The Livcrjjool and Manchester Railway Com- 
pany has of recent years adopted a double parallel 
rail of a peculiar section ; not admitting, however, 
of the power of turning it. The object to be at- 
tained in adopting thia shape, ia stated to be, that by 
Itaving the part of the rail upon which the flanch 
of the wheel acts, of the same outline 
as the flancli itself, greater strength is 
given to the rail, while the other edge 
of the i-aiJ h lightened. These rails 
have been laid down at 60 and 75 lbs. 
Fig. SI. pg^ yard. Fir/. 21. is a section of the 
60 Iba. rail. 

The more common and useful form of a double 
parallel rail, ia when the segmental outline ia th.e 
same at top and bottom: for although it cannot be 
denied that the weight of the bottom flanch does 
not add proportionably to the strength of the rail, 
nor even that the power of turning it ia at all times 
practicable, — yet there cannot be any doubt that 
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this form, for railways constructed on separate 
blocks and deepers, presents many advantages ; 
and besides, aa the cost ia nearly the same for a 
rail with the top and bottom flanches alike, with 
that where the bottom web is somewhat Ugbterj 
lO hesitation can exist in preferring the former, 
however much theoreticiJ deductions may mystify 
the subject- 

Fiff. 22, is the section of a double parallel rail, 
weighing 75 lbs, per yardj which has 

III been laid down on the London and 
I Birmingham, Eastern Countiesj South 
J Eastern, Edinburgh and Glasgow, and 
I many other railways. 
.! The whole depth ia 5 Inches, the 
I * top and base are the same sections 

' 2 "5 inches, the thickness of midiUe rib 

is about I of an inch, or less. 

Fiff. 23, is the section of a double parallel rail ; 

which has been used upon the Grand 

1 "Junction and other rail ways, weigliins 

62 lbs. per yard ; whole depth, 4*5 

inches. 

■ Fiff. 24. is the elevation, on a 

, ' ■ smiJler scale, of a double parallel 

rail, about 65 lbs, per yard, of which 

the whole depth is about 4^ inches (being much 

L 2 
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tike mate as that rrpreseutccl in the preceding 
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figure), which has been laid down on some potts 
of the Londoa and Bimungham railway. 

Fi^^ 25. 13 a section showing rail, chair, nod 
mode of keying the rail. 
F^, 26. ia a ground plan. 

These railfi ate secured by oak 
keys or wedges. One side of 
the chair is bevelled vertically, 
against which the wedge acts, 
prcissing down the upper side of 
the base of the rail, and forcing it 
tigfunst the opporite side of the chair. 

Fiff, 27. ia the section of a 75 lbs. rail, which 
was laid down on the Edin- 
burgh and Glasgow nul- 
way, showing the form of 
chair, and mode of keying. 
The inner side of the chair 
being curved, admits of ample space for the key 
to wedge the rail firmly. 




Fig. 26. 




Fitf. 27. 
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Fig. 28. 



section of the rail and oliair whicTi 
is now laying down on the 
North British railway, 
about 70 Ibg, per yard, in 
12 and 16 feet lengths. 
The top and baac arc dif- 
ferent sections, probably 
adopted with a view of saving in the weightj but 
presenting no corresponding advantages. The keys 
or wedges are made of oak^ and arc small in size. 
The preceding figures will give a. tolerable idea 
of the diflereiit forms of rails which have been 
adopted on railways when supported on equidistant 
bearings. It may be easily seen, that while choosing 
a section of rail to have sufficient rigidity or 
strength for the weight pEiBsing over it, the object 
Bought after, \s to adopt the moat econonaical mode 
of construction. It seems generally agreed, that 
the bearuig surface for the wliecls to run upon, 
without being too heavy, or so narrow as in an 
additional degree to wear the wheels, should be 
about 2| inches ; and hence this size of a head is 
generally adopted for public railways. Although, 
both theoretically and practically, it has been as- 
■ eumed, by Messrs. N. Wood, BarloMT, and E.Wood, 
that the strongest form of rail is that of which, with 
H sufficient depth for rigidity, the base doc8 not 
B 
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contain too great a quantity of material, — and 

though Mr. Barlow has given a formula for calcu- 
lating the section of greatest strength, — still the 
great object that the public are interested in, is 
the beat form of rail for safety ; and of which, 
while it has auflBeicnt strength to hear upon it 
heavy loads In motion, the bearers should not be 
too far ajiart, to Increase In the least degree the 
amount of either vertical or lateral deflection. 
When a rail posBessee these advantages, its exact 
shape on mathematical principles is of lesa im- 
portance than its conTcnience of being easily 
fixed, and quickly shifted. Hence, while the 
Bingle parallel rail is decreasing in practical ap- 
plication, the double one, from its convenience, 
is progressively extending, A knowledge of these 
facts is essentially necessary for every one en- 
gaged or connected with railways, whether he 
be a director or shareholder, whether an engineer 
or manager. With all tlie knowledge yet acquired, 
there is ample evidence of the' uncertainty which 
Btill hangs around the subject ; and the great 
expense it has already cost Bom6 of the older 
companiea in making alterations, shows that ex- 
perience to them has been dearly bought. For 
example, it has been shown that the Liverpool 
and Manchester Railway Company has bad several 
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times to alter the rails on that line ; to increase 
the weight from 35 Iba., tlie weight of the original 
rail, to 50 Iba., 65 Iba,, ami 75 Iba. per yard, suc- 
cessively; wliile the London and Birmingham Eail- 
way Company, notwithstanding the advantagca de- 
rived from Mr, Barlow's able report, was obliged to 
reduce the width of the bearings or supports from 
5 feet to 3 feet 9 inches, and to increase the 
weight of the rails from 64 lbs. to 75 Iba. On 
otber railways equally expensive alterations ha\e 
been made. There is every probability, therefore, 
that, so long as that plan of railway construetion 
continues, whatever may be the first cost to rail- 

^way companies, a still greater weight must be 
given to the raile, and a still farther reduction of 
the width of the bearers must take place, in order to 
adapt the stability to increased rapidity of tmetion. 

[ Having given a general description of the sec- 
tions of rails supported on props placed equidistant, 
I shall now proceed to notice the manner in wliich 
the rails are supported and fixed in their respective 
places. It may be observed that the rails have 
gradually been increased in strength since etcam 
power was introduced; the bars are usually made 
12, 15, and 16 feet lengths, with square or 
jutt ends, and are laid end to end, the earlier 

I complex contrivances to secure the joints being all 
s 4 
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dispensed with, and the half-lap joints (Jig. \%) 
now rarely used. About jt^ of an inch, at least, 
ehould Ije left between the ends for expansion; 
for it has been ascertained that a bar of 15 feet 
in length will expand about j, of an inch at 
75" F. Some have, indeed^ proposed to place 
a email piece of wood between the ends of rails, 
as the different expanding properties of wood and 
iron would fill the space, the wood eKpanding a& 
the iron contracts: but such a plan is liable to 
objection from the wood being likely to be shaken 
out, and the space being left vacant. There ia 
no part of railway construction that requires more 
accuracy of fitting than the joints : the squareneaa 
of tlic ends, and the space allowed for expansion, 
cannot be too carefully regulated. Ingtead of that, 
how often are seen epaces at the joints of different 
widths, and the ends of the bars in juxtapositiouj 
without parallelism and uniformity of level ; thus 
increasing the amount of friction, addiug to the 
jolting and rocking motion, and to the risk of the 
wheels of carriages being thrown off the rails. 
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Stone blocks imbedded in the ballasting were 
for a long time the chief method adopted for 
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'■stipportLDg the iron railSi and tliey ure used on 
some railways almost tlu'ougliout the line. On 
othersj the practice has been to use both stone 
blocks and wooden sleepersj the rule being to 
place the stone blocks on solid ground and rock 
cuttings, and the wood sleepers on embanknientSj 
and always on the latter till the ground was pro- 
perly consolidated ; and, in some cases^ the sleepers 
not being deemed as the permiment way, they 
ive been replaced by stone blocks. This rule, 
however, has been greatly departed from; and 
the adoption of blocks or wood sleepers Las been 
^^^chiefly regulated by the locality or convenience. 
^Bkfr. N. Wood gives it as his opinion, that when 
^Bitone blocka can be had at a moderate cost, they 
^are decidedly the best siupport for the rails. Stone 
blocks, no doubt, present more finnness, and a 
more unyielding resistance, than wood sleepers; 
>ut as the motion of (arriagea on the latter is 
'more agreeable, possessing greater smoothness, 
they are coming into more general use. For- 
merly, square blocks of wood were mode use of, 
as on part of the Stockton and Darlington rail- 
way i but tliia is now unusual ; and, when blocks 
are laid down, they are made of granite, whin- 
stone, or other hard stone. They commonly con- 
eist of a flat stone, two feet equare, by one foot 
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deep. The Btonc placed at the joininge of the 
rail usually contains five cubic feet, and the in- 
termediate onea four cubic feet. The distances 
the atones are placed apart are regulated by the 
views of the engineer ; and, as has been shown, 
opinion differs on this point, some preferring a 
lighter rail with a short hearing, others a heavier 
one with a broad bearing. Experience has how- 
ever shown, that whatever may be the form and 
strength of the rail, blocks placed beyond 4 feet 
(centres) apart, are unsuitable for steam power; and 
that a less distance is preferable. On eome lines 
the blockai from centre to centre^ are three feet 
apart, as on the Leeds and Sclby> IVIanchestcr and 
Leeds, York and North Midland ; on others, 3 feet 
9 inches (centres), as on the London and Birming- 
ham, Grrand Junction, and Loudon and Brighton ; 
and on others, 4 feet (centres), aa on the London 
and Southwestern, Manchester and Birmingham, 
Edinburgh and Glasgow, &c. Stone blocks are 
somctimea placed diagonally opposite each other, 
and sometimes at right angles to the line of road. 
Fig. 29. ia a ground plan, showing the modes of 
placing the stone blocks a 5, and transverse sleep- 
era c. It has been considererl an advantage to 
lay them diagonally, instead of square, as steady- 
■"™ the rails, and because that access can be had 
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to all sides of the block, should it be displaced. 
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and also ns affording more lateral resistance. On 
"the London and Birmingham railway, stone blocks 
are almost entirely used, and they are placed 
diagonally ; and on the Edinburgh and Glasgow, 
and other lirtc&, they are placed at right angles, 
which admitg of the chairs being placed closer 
together, and gives more stability. 

As the want of parallelism in the blocks is a 
great defect in railway construction, as also the 
want of uniformity of level, the proper setting of 
thein becomes moat important; otherwise, as 
the blocks are isolated from each other, and 
liable to sinkj and eo require constant packing 
under them, the rails may be thrown out of gauge, 
and prove a fruitful source of accidents. Too 
[much care cannot therefore be taken in having the 
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blocks placed on a solid bed. Mr. Barlow strongly 
recommends that the blocka should in every case 
be placed immediately opposite to each other: 
when the blocks are not perfectly solid, one rail 
may Bometimea be depressed by one wheel a 
quarter of an inch, while the wheel is perhaps on 
the block, and immediately after the high wheel 
is depressed, and the lower wheel is raised, giving 
a rocking motion to the carriages. 

The operation of setting the blocks was 
eiFected, according to the old system, by maUeta 
and shovels, beating them till they came to the 
proper level ; but it is now usually done with a 
portable lever, about twenty feet long, (a plan 
introduced by Mr, George Stephenson,) by lifting 
up the block by the short end, about a foot high, 
and by repeatedly letting it fall upon the coating 
of the road in the intended seat, and throwing at 
the same time gravel or fine sand under it, at 
each descent, to form a solid bed for it : then it is 
Bet to the proper level, both longitudinally and 
transversely, by squares and sights. The dis- 
tances apai't of the blocks being determined, the 
whole line of road is thuB laid with blocks to suit 
the general inclination. They ought not to be 
moved when properly seated. 

The necessity of setting the blocks contermi- 
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■tiouely nt precise IcTels must lie apparent, when it 
is considererl that even n ^ of an inch in 3 feet is 
ual to I inch in 12 feet, or to an incline rising 
foot in 144 feet. It is found, indeed, that by a 
elight difference of level at the ends of the rails, 
the carriage will pass without touching a portion 
f the rail; v^hile the least deviation from the 
straight line, by the rubbing of the flanch of the 
■wheel, will increase the force of traction. 

When a railway is therefore constructed for 
pid sjjeed, it must be ob-vious the rails cannot be 
too carefully laid, as any deviation from tlie level 
may throw the carriage for the uioment off the 
four wheels, and it may then be supported even by 
two; and thus the sudden lurching" may produce 
such lateral blows aa to break the chairs from 
their seats ; while the deflection of the rail, as has 
been noticed, has the effect of making the 
carriages as it were constantly ascending an 
inclined plane, although the line of way ig a level. 
That accidents should aiisc from causes of this 
kind, often unsuepected, there admits of httle 
doubt, and shows how much depends on the 
accuracy of workmanship in railway formation. 
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^^■l WOOD SLEEPERS. ^ 

Much that has been said with respect to tbe 
proper foundation and fixing of stone blocks upon 
the ballaeting, applies to wooden sleepers. The 
latter liaTe, however, the advantage, that they are 
made to reach from side to side of a line of rails ; 
ao that the two raila are attached to the same 
eleeper : the rails are thus not bo liable to lose 
their paialleliem, or be thrown out of gauge, even 
should one end of the sleeper sink a little lower 
than the other, ae might happen with blocks 8ui> 
porting rails which had no conuection. This ig 
an important fact, which does not appear to have 
received sufficient consideration. 

Transverse or cross eleepers of wood are 
generally made of larch, fir, or oak; and for a 
railway where the Bpace between tlie rails is 4 
feet Sj inches, they are made from 7 feet 
6 inches to 10 feet long, with a scantling of 
from 8 to 12 inches broad, and 5 to 8 Inches deep ; 
but 10 feet long, by 12 inches broad, and 5 or 6 
inches thick, has been considered not too large a 
proportion for a S-feet bearing. They consist 
usually of half trunks of trees of a small size, and 
of which the flat side should be laid undermost : 
a larger sleeper is always placed under the joinings 
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of tHe raila. The bed for the sleeper m usually 
je dry ballastmg of the railway, the broken 

'stones being levelled quite einotith before the 

(flleeper ia laid in its place. It was till lately the 

jractice to kjanise* the wood sleepers; but this 

baa been greatly superseded by the newer inven- 

tioue, fonnerly alluded to, of Mr, Payne, for ab- 

jStracting the juices and air from timber, and those 
jf Sir J. Burnett. In many instances^ however, 
leepera of well-seasoned lareh are laid without any 

■preparation. The size of the transverse sleepers 
on the Loudon and Biniuugham line is 7 feet long, 
with a Bcantling 9 inches by 5 inches; on the 
Londonand South Western, cross sleepers through- 
out 9 feet long, sctintling 10 by 4| inches ; Edin- 
bui^h and Glasgow^ 9 feet long, scantling 10 by 

IiiJ ; Manchester and Birmingham, 9 feet ; Man- 
chester and Leeds, 9 feet, scantling 11 by 5 ; 
Midland Counties, 9 feet, scantling 1 by 5 ; North 
teflstem, 9 feet, scantling 10 by 6 ; !North British^ 
8 feet 6j scantling 9 or 10 by 4 ^ or 5. 

Railways formed entirely on cross sleepers are 
much more common now than formerly, both in 
this country and abroad. Several lines indeed, 
which were formerly laid with stone blockg, have 
been lelaid with wooden sleepers. The Belgian 



* Ki/muiie, to pr^^pare timber ■witb Mr. Kyan's patent 
lolution. 
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railways are entirely laid on wood. In this country, 
on Bome linea, transverse wood sleepers have been 
laid down throughout the line, as on the London 
and South Westernj the North Eastern, and others; 
and several of the lines now forming, are being 
laid entirely on croas sleepers, as the North 
British, and others. 

There still, however, hangs over this point of 
'railway fonnation considerable uncertainty ; for 
although on one line stone blocks may be entirely 
removed, and timber eubstituted, on another 
the reverse of thia has been the case, from the 
decay of the wood. Cross sleepers too, unless 
they have sufficient scantling, and are considerably 
wider than tlie gauge of the rails, are liable to 
be displaced by the least sinking of the ground; 
and as there is nothing to prevent the sleepers 
from rising but the ballasting, thia plan cannot be 
deemed perfect. It has, however, become extended, 
from ita cheapness and facility of execution, and 
diminution of rigidity. 

The London and Greenwich railway afforda 
a good example of the smoothness attending tlie 
uae of timber bearings. Had the rails been laid 
on stone blocks upon the viaducts, it must have 
much increased the harshness of motion. 

Some attempts have been made, both in this 
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country find in America) to introduce the use of 
stone blocks in the same manner as transveree 
rood sleepers are laid; proceeding on the idea, 
'previously notieedj that their parallelism was less 
likely to be disturbcdj or the rail thrown out of 
gauge, from any inequality or yielding of a block, 
than when laid in the common manner. The 
Dublin and IClngston railway waa laid on thorough- 
going blocks of granite of this kind, 6 feet long, 2 
feet wide, and 1 foot thick: these were laid across 
tthe wavj at 15 feet apart, and intermediate single 
["blocks of the ordinary kind were placed between 
I tliemj at the distance of 3 feet. Probably, from the 
[difficulty found in adjusting properly the bed for 
l^uch. heavy blocks, and from the vibrntion and 
I jolting of heavy trains on a hard bed, and breaking 
of the long blocks, the plan turned out a failure ; 
and the stone blocks have been entirely taken up, 
and timber substituted. Sometimes transverse 
eleepens made of cast iron have been used in place 
of timber. Cast-iron bed-plates have also been 
I proposed, instead of stone blocks ; but it ja con- 
sidered iron has too much rigidity for these pur- 
poses. 
^^ In the United Statea, transverse stone blocks 
^Bvere tried at the Boston and Lowell railway: 
^■the blocks were made of granite, 6 feet in length. 
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and IS inches square^ and placed at 3 feet apart, 
centre to centre, each block supporting both 
raiie, the gauge being 4 feet 8^ inches. This 
plan was found, however, to produce too rigid a 
road. In some instances, to attain a greater con- 
nection between the blocks when placed separatelyj 
jxoa tie or connecting rods have been used at 
curves. 



SEATING THE CHAISS UPON THE BLOCKS- 

Wlien the blocka and eleepers have been placed 
along the line of a road, the nest thing is to set 
the chairs, or pedestals, which are to support and 
fix the rails. These are usually made of cast iron, 
for convenience, on account of the irregularity of 
shape. Malleable iron is, however, much stronger ; 
but though a patent has been obtained for making 
them of it, they have not been yet introduced. 
Ab great a variety of forms has been proposed for 
chairs, as for rails, because the former must be 
adapted to the latter. The chair generuUy stands 
vertically, having an open socket or groove to 
receive the rail, the base of which being, when act 
in the chair, about an inch clear of the block or 
sleeper. The distances the chairs are placed apart, 
are of course regulated by those of the blocks; they 
are fixed to the blocks in the following manner : 
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Holes are drilled in the stoneB, from 1| to 2 inches 
in diameter, into which plugs of oak, or tree-nails, 
are diiTen j and the chair being placed on. its 
seat, and accui'ately levelled, iron pins or spikes, 
with heads^ are driven through the holes in 
the base of the chair, into the wooden plugs, 
irhich fixes the chair faat to the block. When 
chairs are to be fastened to wooden sleepers, 
the ends of the latter are cut to the proper 
level, and the chairs are nailed down with etrong 
spikea. There axe usually two perforations in the 
intermediate chairs, as on the North British 
railway; but on some railways the chairs have 
thiee, as on the London and Brighton; two on one 
fflde, and one on the other. The hole8 are aome- 
ttmes pLaccd diagonally, and generally so in the 
joint-chairs. 

The weight of the chair is regulated by the 
size and strength of the rail, and both are made much 
heavier than formerly. The 76 lbs. rail on the 
London aud Brighton railway has a chair at the 
joininga lO^J inches wide by 5 inches high, and the 
intermediate chairs are 10|^ by 4^ inches. The 
chairs on the North British railway are 10 inches 
wide, 5 inches high, 5 inches broad, and the inter- 
mediate ones 10 inches wide, 5 inches high, and 
4 inches broad. 

F s 
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The weights of the heayy chairs on the Londoa 
and Birmingham railway are, joint chairs 31 lbs., 
and intennediate ones 26} lbs. 

Pieces of felt, when atone blocks are made use 
of, are now very commonly interposed between 
the iron chair and the block. When the chair is 
firmly pressed down by the pins, the felt forms a 
bed for it, giving it a firmer seat, and likewise 
diminishing the jolting and concussions of the 
carriage wheels, and the rigidity of motion upon 
the hard atone block. It is found, however, that 
in a few years the good effect is nearly lost, from 
the constant action of heavy loads on the rails^ 
and that the chair bears bard upon the block. 

The chairs upon most of the principal lines 
where stone blocks are used, such as the London 
and Binningham, Edinburgh and Glasgow, &c., 
have felt placed under them. 

WEPGIITO on KEYING THE KAILS TO THE CHAIRS. 



When the iron rails have been laid into the open 
sockets of the chairs, the next operation to be 
performed is called keying the rails, which is done 
by means of wedges called keys, one of which ib 
di'ivcn hard into a small vacant space left to receive 
it, between each chair and the outer side of the 
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rail, whicli is mtcndetl to firmly bind and secure 
the rail in Jta seat. Various sorta of keys have 
been prepared : they arc most commonly made of 
oak or eltHj both compressed and uncompressed, 
and also prepared by the patent procesa. Both 
solid and latterly hollow iron keys have been 
tried. 

Fig. 30. is a sectional end-view of Mr. Barlow's 
patent hoUow^ iron key, ap- 
plied to wedge a double 
parallel rail. This form of 
~j key has been very favour- 
ably thought of. 
As on the proper keying of the mil much of 
the stability depends, too much care and attention 
cannot be bestowed upon the subject : hence the 
contrivances are numerous. The chief object of 
the key is to keep the rail firmly down ia the 
chair, and at the same time not to prevent tlie 
longitudinal expansion of tlie rail. The kind of 
key understood to answer best, depends much on 
practical experience. The general use of wooden 
keys for wedging rails, arises from the greater 
facility they afford for theii* being tightened and 
replaced; but to attain tliisobjcctjthe wedges should 
be of ample size. Nothing demonstrates more the 
imperfections attending the constructiou of rail- 
p 3 
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ways, where cliaire and keys are used, than the 
constant watching the line of way requirea, for 
tightening the keys. Fiffs. 25, 26, 27, 28. illus- 
trate the manner of fixing the rails with wood 
keys. 

BAILWAT8 ON CONTIlTCrOUa OEABINOS. 



Having now traced, the progresa of railways 
constructed on the plan first introduced by the 
late Mr. Jessop, in 1789, to the present timej. it 
may be observed, that the laying the rails on 
alternate props or supports over the entire length 
of the roadj whether they were made of wood or 
stone, has been the plan in general use^ and seem- 
ingly has been considered by engineers to be the 
best. It 19 at first view extremely difficult to 
i'Ucconnt for this partiality ; for after the introdnc- 
tion of steam power on raUwaya, difficulties pre- 
gented themselves In the construction of this form 
of railway, which had not been foreseen. Instead, 
however, of attempting the introduction of a new 
principle of laying the rails, large sums have been 
expended by the older companies in altering the 
form of rails first laid down. It ia indeed 
amusing to observe how much has been written 
on vertical and lateral deflectioDj on the strength 
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and rigidity of iron, and on railway cTiairs and keys ; 
"when it seemingly requii'ed but little ingennity to 
devise a sclienie, where the obvious deflections of 
a bar euapended on two fulcrume, as a bridge, could 
be got the better oi\ by placing the bar on a solid 
foundation; while greater safety and Btability 
■would be attained, and complicated contrivances 
to fix the bar become unnecesaary^ 

That any diminution of vertical deflection, by 
placing the bars on a solid base, ia important, 
must be apparent to all, when It is considered that 
a. heavy load depreasedj must be like ascending 
an inclined plane on the rail, the height of which 
is equal to the central deflection. It was assumed, 
however, when the Great Western Railway was 
under consideration by the parliamentary com- 
mittee, that as much power was gained iin the 
descent aa was lost in the ascent^ the odds being 
mside even ; and thus the deflection would be no 
impediment ; but Mf- Barlow has shown that this 
assumption ia erroneous, both in theory and prac- 
tice, and that in fact the gain from the descent 

BO exceedingly email, in eucli short planes, that 
it may be wholly rejected; so that in a plane 
supposed perfectly horizontalj the retardation or 
additional resistance to the carriages, caused by 
the deflection of the bar, will be equivalent to 

F 4 
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the carriage being carried up a plane of half the 
whole length on a slope. 

Solidity of the base of rails, upon which heavy 
carriages are to run, being, as a preliminary point, 
so obviously and essentially requisite, the only 
wonder is how it can be discussed at all. Yet we 
find engineers stating, thatbetweenrailsfirmly fixed 
to solid longitudinal bearers, and rails suspended in 
the common way between two points, not much 
difference of deflection exists. The fallacy of the 
statement is, however, so apparent, that it is hardly 
deserving of notice, were it not that such as- 
sertions have the dangerous effect of misleading 
the judgment of impartial inquirers. It may be 
therefore laid down as the rule of common sense, 
that the more firmly a rail can be laid conti- 
nuously on a solid bed, the less vertical deflection 
or bending it will have ; and unless iron bars, when 
suspended, can be made equal in strength, and to 
bear the same weight, ceteris paribus, the first 
plan must have most stability, not only in bearing 
the vertical strain, but also the lateral one ; for 
surely it requires no argument to show that an 
iron bar laid upon a series of points, or fulcra, 
must be much easier bent vertically and laterally 
by the heavy blows or jolts of a carriage, than when 
the same bar is made to form a part of the solid 
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roadway on which the carriage runa. However 
much, therefore, some may consider as question- 
ible the auppoeed advantages of rails laid on 
continuous bearings, the defect, if any, cannot 
appertain to the principle, which,, the more it is 
examined, will carry the more conviction with it ; 
but it muat appertain to the details of the con- 
Btruction, For instance, on eomo railwaya with 
continuous bearings, the rails are fastened into 
chaire, and rest upon intermediate saddles. 

When the iron rails are laid down, however, 
in this manner, the tension and elasticity of the 
bar^ — boimd at intervals, like the strings upon 
;the brklge of a violin — are not removed; in fact, 
there ia no difference in the principle from rails laid 
upon cross sleepers : and ifc may fairly be admitted, 
that rails so laid upon longitudinal sleepers arc 
Inferior, in many respects, which could he pointed 
out, to rails laid upon trausvcrec sleepers. 

It should tlicreforo be kept closely lu view, 
that when a railway is said to be laid on conti- 
uous beaiingSj it is meant that the base of the 
rails rests entirely upon the soUd timbei". It has 
teen shown that the old tram-road, first used iu 
this country, was nothing but continuous logs of 
wood, with eroes tiesj adapted to the width of the 
carriage-wheels. When tliia eyatem waa Intro- 
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duced in Araerieaj ■where, from convenience, it Baa 
been extensively adopted, it was farther improved, 
rendering it more adapted for 8team power ; and 
on the Continent some I'ailways have been eimilarly 
constructed. The Introduction of thia form of 
railway in America has been attributed to the 
abundiince of timber^ an advantage which thia 
country does not possess : but the question which 
the public are moet interested in, is not, where the 
material comes from, or even the cost of it, but 
what 13 really the best plan. 

One of the first engineers who has made the 
attempt to introduce into this country a railway 
on the American conatruction, but with iron 
edge-railsj was Mr. I. K. Brunei, who did so on. 
the Great Westeni i-ailway ; and it required both 
courage and ability to attempt an entire alteration 
in the railway system which had for several 
years previously worked so weU ; and perhaps few 
engineers would have attempted the bold ex- 
periment at once, which he didj of constructing 
so many miles of a railway diiFering so much in 
detail from the method of laying the rails pre- 
viously in general use. The principle is there- 
fore deserving of most careful consideration ; for 
if it ultimately turn out, by successive future im- 
proveraentSj as succeasful aa it has already proved, 
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thia form of continuous railway may supei'sede 
the coramon mode of construction, and perhaps 
|]ead to the remodellbg of many railways now m 
existence. 

It 13 generally understood tliat the objects 
1 which Mr. Brunei sought to attain, in proposing 
tA railway on the American construction in thb 
country, was, that while it could be made at do 
more expense than on the common method, it 
Lnught be cheaper maintained, and much more 
agreeable to travel over, as there woitld be less 
concussion and jolting, and a smooth, equal, and 
elastic road, without any undue yielding ; in fact, 
that though there would be a less unyielding 
surface to paaa over, than on rails laid on stone 
blocks, thf^rc would bo eufficlent firmness for 
safety, and less liability to the parallelism of the 
being disturbed, while both vertical and 
lateral deflection of the rails would be diminiished. 
That he has not been disappointed in his 
Burmisee, in many of the points, can be disputed 
Iby few : that his views were not ftdly realised in 
jthe construction of thia railway, arises from the 
inex|jeriencc which surrounds so many points of 
^^ an infant science. It may be objected, that a fair 
^B'Coniparison cannot be drawn between the Great 
^H Western, from its great breadth, and common 
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railways: but there are other lines in this country, 
of the common gauge, laid with coutinuoua bear- 
ingai by which a comparison can be made. 

Before proceeding to describe the manner of lay- 
ing the sleepers on the Great Western railway, it le 
necessary to notice the form of the iron rsul which 
Mr, Brunei adopted, as it differs entirely from 
those previously described, requiring neither 
cast-iron chairs nor wedges, It is tlic more neces- 
sary to understand the construction of the rail, aa 
on the stability of the rail, and its proper adap- 
tion to the road, much of the safety of carriages 
running at high velocities will depend. 

Fiff, 31. ia the form of rail which was first laid 
down on the Great 
Western. It^naisted of 
T, "^ a hollow malleable iron 
bar, made in 15-feet 
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lengths, having two broad flanches perforated at 
intervals of 16 inches, for admitting the screw- 
bolts for fixing the raQ to the timbers ; the outer 
bolt having the head raised above the flanch, and 
the head of the inner bolt being counter-sunk or 
flush with the iron ; the original rails were only 
44 lbs, to the yard, and were 1^ inch high. 
This form of rail is termed the bridge or hog- 
troughcd rail. 
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LOKGITUDIKAl SLEEPERS, OE BEAEIWG8, ON THE 

IL GBEAT T7ESTERX. 

I As the plan which Mr. Brunei has adopted for 
the sleepers or frame-work of the Great Western, 
as noiv arranged, does not differ greatly from the 
American railways, and others which have been 
laid in this countryj it will easily be understood. 
It may, howeTer^ be instructive to describe the 
first plan of forming the line of way laid down 
from London to Maidenhead, 22 J miles; but 
which IB now in the course of being entirely 
altered. On this part of the line Mr. Brunei 
^xnade use of piles driven at intervals, in order to 
jive greater secvirity to the continuous timbers, so 
it they might not rise up or go down; but 
these piles have been found to be unnecessary, 
and so to add mnch to the cost of the railway, 
without any corresponding advantages : they are 
therefore now being entirely removed, and longi- 
tudinal timbers of greater scantling substituted. 
Fig. 32, is a transverse section of a pile di'iven 
^^into an embankment. 

^B In fonning the railway, when the road was 
^^wistructed, beech piles, 10 inches in diameter^, 
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and 10 to 14 feet long, at intei'vals of 15 feet, 
placed rather closer to the outer than to the inner 
rails, one pile between 
2 each pair of rails, were 
driven into the solid 
ground^ in cuttii^s about 
8 or 10 feet from the eur- 
face level, and in the em- 
bankments through the 
kid earth seveml feet into 
the natural etrata. The 
vast labour and expense 
attending driving so many piles may easily be 
gurraised. 

The head of the pile was made to stand about 
flush with the ballastiag, and a groove of 1^ inch 
was cut out on the aide, near the top of each pile, 
Into which the cross-ties or transoms of American 
timber were let, which connected the piles to- 
gether. 

Every alternate pair of piles was placed between 
two CTOSB-ties, and the intermediate piles had 
one cross-tie: the double croes-tiee were 13 inches 
below the line of the rails, and the single one 9 
inches. On the transoms, and framed with tliem, 
were laid the longitudinal timbers which support 
the rails: they were of American pine, 16 inches 
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wide by 7 ineliea deep, each pair being laid at 

7 feet 2 inches centres; they were made to rest 
upon a piece of wood inserted between the double 

ross-tiee, and they were gunk a little into the 

termediate tie, which was made a little deeper 

n the double one ; they were secured together 

y strong screw-bolts and nuts, with the heads 
countersunk, aa shown iu^i;?. 31., into the upper 
surface. 

There were screw-bolts at every point of ia- 
teraectiou with the transverse ties or timbers, so 
as to firmly bolt the whole together, and the latter 
with the piles : the timbers were laid carefully 
to the plane of the line of way, and perfectly 
level transversely, escepting at ciutcsj where the 
inclinations of the cross timber was adapted to 
the radiua. Both cross and longitudinal timbera 
were packed with eand and gravel, which was 
beat under them, so aa to form a solid and compact 
bed ; and the beating was even continued till the 
timber was strained, as Mr. Brunei's object ap- 
peared to have been to throw up a vertical strain 
against the bars of the rail, to counteract the effect 
of the downward weight, and to rely on the rctain- 

g power of the piles to hold down the timbers. 
When the longitudinal timbers were fixed, 
the surface was smoothed to a uuiform level, and 
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upon this a planking of American clra, l\ incli 
thick, and 8 inches broad, was laid, bedded witli 
tar, having a slight inclination inwardsj the angle 
of the slope being 1 inch in 20 inches. When the 
planking had been firmly nailed down, and the 
heads of the naik sunk flush, the iron raik were 
then fastened upon the thin planking, (pieces of felt 
having been placed between them,) by means of 
stout Bcrew-bolte, with a deep-threaded screw, 
passing through the jierfoiations made in the 
flanches of the 44 lbs. rails, into the solid wood. 
The outside screws had square heads, and the 
inside screws had the heads countersnnk: a heavy 
roller was passed over the rails, to aid the firmer 
Bcrewing up of the bolts. For the presenration of 
the timber, the whole of it was previously kyan- 
ised, and the iron-work laid with tar. It has 
been estimated that the timber used in each mile 
of this railway was 420 loads of pine, and 40 
loads of liard wood, and that also 6 tons of iron 
bolts, and 30,000 wood screws, were used. 

Such is a descriptiou of this most elaborate 
work, which it is useful to preserve. It affords 
another instance, of the many, of the truth of the 
adage, that the best laid schemes too often prove 
fallacious. That this plan has not altogether 
proved successful, is no more than is every day 
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seen to occur, although the results of the first trials 

ade seemed to have been satisfactory. It was 
soon discovered, aa abeady mentionedj that the 
advantages to be derived from driving the piles, 
notwlthii banding the extra expense, were but 

ifling. They were therefore discontinued on 
the line beyond Maidenhead, and longitudinal 
timbers and cross sleepers only employed, the 
latter being laid at closer intervals, and the scant- 
ling of the timber of both reduced, probably with 
the view of lessening the expense. The radical de- 
fect of tliis railway was soon, however, discovered 
to be, that the scantling of the timber and the rails 
were too light for heavy loads passing with ra- 
pidity ; and, in consequence of accidents on the 
line, the whole timbers of the railway between 
Maidenhead and London are now in progress of 

;ing removed, and timbers of much heavier 
Bcantling substituted, upon the same jjlan as that 
ipou wliich the southern portion of the Unc had 
been executed, and which is simple in construc- 
ion. 
Fiff, 33. is a section and elevation on a small 
^jSCnle of the longitudinal timbers as now being laid 
iown at tlie Slough station, and as existing in the 

western portion of the railway. They are half-logs 
^f wood, with a scantling of 15 inches by 9 inches 
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or more, and the cross sleepers are 5 inches by 8 
xnchca. The crosa sleepers are placed at intervals 




■ Fig. 33. 

of 9 or 10 feet, and are firmly secured to the lon- 
gitudmal logs by means of bolts and iron straps, 
formiag a strong frame, The iron raUs have been 
increased in strength and size from 44 Ibg. (the 
original) and 55 to 62 lbs. (those laid down on the 
parts of the line last executed), to 70 lbs. per j-aiti. 
On the first 22^ miles, where the lightest rails 
were used, the head of the inner screw-bolt was 
countersunk, as has been describedj flush with 
the iron, to avoid coming in contact witli the 
flanch of the wheel. Beyond this distance, on 
the remainder of the line, the rails being increased 
in height, a nut was used for the bolt, both inside 
and outside of the rail, for convenience of tighten- 
ing the screws. This plan, however, in reality 
gave no more depth to the flanch of the wheel, 
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the head of tUe screw was nearly equivalent 
the increased height of the rail. It appears to 
,e that the first plan was the most correct one; 
for, by having the head of the screw sunk flush 
with the raili no more height was given to the rail 
than was required properly to clear the flanch. 
eaides, if the first height was too little, it might 
ve been increased without altering the plan of 
fixing ; for it will not be disputed that the lower 
the rail can be kept down, the more stability it 
must have ; whereas the carriage-wheels being now 
raised some inches clear of the basCj there is the 
certainty of more oscillation or rocking of the 
carriages talking place. 

Fi'ff. 34. represents a section on a large scale, 
of the rail laid down 
upon the western por- 
tion of the railway, in 
which theheads of both 
Fig. 34. the screws arc raised 

above the base of the rail. 

In the new rails, laying down in the rc-construc- 
tion of the permanent rail between Maidenhead 
nnd London, the height of the rail has been in- 
creased from ly the original rail to 2^ inches. 
The width of the bearing surface for the wheel or 
the top of the nul is much the eome as some of 
a 2 
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those m use, being about 2i incbcs. It lias, how- 
ever, been stated, tbat it is intendo<] that m the new 
rails laying down, the beads of the screws are to be 
Blink flu*.]]. Instead of being, as the first rails were, 
Liid with a layer of felt under them upon the top 
of the 1 ^ inch planking of American elm, — thus 
affording a solid and compact bed, — the planking 
bas been discontinued in placing the new raik, and 
the rails are merely laid upon pieces of prepared hard 
wood, about half an inch thick, and eight inebca 
broad, ■which are ntuled upon the longitudinal 
timbers, the felt also being dispensed with. It 
jg diflficult to perceive any advantage that this 
plan htB over the former one : on the contrary, 
tlie friction of heavy loads may have the tendency 
to loosen these small pieces of timber. Were the 
rails simply laid down on the solid logs, on a bed 
of felt, as on the Croydon railway, the sta- 
bility would be very much greater ; or, at all 
events, the first plan of using a plank, about 
two or three inches in thickness, nailed to the 
longitudinal timbers on which the rails might 
be fixed, must afford a more solid bed than the 
plan now adopting. 

I have been thus particular in deecriblug the plan 
of the Great Western railway, as the bucccbb of 
the experiment must be interesting to the railway 
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forld. In my opinionj Mr. Bi-unel has not yet 
done justice to hia plan, by keeping the sc;intling 
the timber the eize he doea. Even that which 
"is now laying down is much too light for heavy 
ti'aiiia fit great velocity — which time will show; 
and he cannot ex^Mict the success that hia plan 
deservesj unlesa a firmer base is given to the railsj 
^hich can only be done by increasing the ecant- 
ig of the timber, and placing the transoms, or 
fcroaa-ties, at cloaer intervals ; the adoption of 
which would afford all the advantagca which can 

i>e obtained from a firm and unyielding base, and 
it the game time combine smoothnces with sta- 
sllity. 
The plan of rails adopted on the Great Western 
ine has, as yet, not been much extended to other 
^jftilways. The Irish Commissioners have intro- 
^p3uced tbia plan on the Ulster railway, between 
Belfast and Portadown. The rails laid down are 
of the bridge form, and arc of from 15 to 20 feet 
lengths, and 53 lbs. weight per yard. They are 
not bedded on felt, but are screwed to the timber 
with ^ screws, 5 inches long, inserted at intervals 
of 16 inches. The longitudinal timbers have a 
prOHS section of 12 inches by 6 inches, having a 
icHnation of -j^ of an inch. The tran- 
jtns, or cros9-tie9, are placed at intervals of from 
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10 to 15 feet, under the longitudinal timbers. On 
Bome other railvvayBj the plan of the Great Western 
has likewise been adopted on small portions of the 
line. 



* 



CONTINTJOUS BEAKISG8 ON CKOTDON BAILWAY. 

Another plan of iron rails laid on longitudinal 
timbers has been most successfully tried on the 
London and Croydon and other lines. On the 
Kew Orleans railway a similar form of rail has 
been adopted ; and on aome of the American rail- 
ways the same fonn of rail haa been used, fixed 
differently, namely, with clainpsj driven into the 
longitudinal wooden sills. 

Fiff. 35. is a section of the broad-based T rail, 
made in 15-feet lengths, which has been used 

on the Loudon and 
Croydon railway. 
The rails are laid on 
longitudinal timbers, 
H ith a scantling from 
1 to 1 4 inches broad, 
by 5 to 7 inches tliick. 
These are fixed to cross sleepers of wood 9 feet 
in lengtli, with a scantling of 9 inches by 5 
inches, and sccm-cd by half-iiich spikes, 9 inches 
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in length. A layer of felt is placed between the 
iron rail and the longitudinal sleejrer ; and the 
former is firmly screwed down by half-inch 
gcrewSj 4| inches long, and bolts, with a head 1 
inob lii diameter, placed at intervals in pail's, 19 
inches apart. At the jointa, four screws are put in, 
near each other- The beads of tbe screws are 
countergunk in the inner flanch, and are 4 
inches long. From tht low vertical dection of this 
rail when compared with those placed on chairs ; 
and from the base resting on continuous wooden 
sills, it possesses both strength and etability, Tbia 
plan, of laying the rails upon tbe solid timber, is 
an excellent one j and this railway affords, per- 
haps, the beat example in the United Kingdom 
of a smooth and elastic rail, with absence of noise 
and sufficient stability, as the rails are so bound 
together that they cannot easily get out of gauge ; 
while the wear and tear in working must be dimi- 
nished, and corresponding safety increased. 

The form of rail here adopted, though remark- 
ably free from friction, and affording ample room 
for tbe flanch of the wheels, does not seem to 
present any superiority to the bridge form on 
the Great Western, were the latter placed in a 
eimilaj- manner on the solid timber, although some 
may fairly consider that the squareness of the 
o 4 
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flanch of the wheel, on the Great Westerii, to 
salt the bridge rail, is no advantage ; but, on the 
contrary, increases the amount of friction. 

A part of the Birmingliam and Gloucester rail- 
way has been laid ou longitudinal elcepera of 
American piue, in various lengths, with a scantling 
of 13 by 6 inches, connected by ties, 7 feet 2 
inches long, with a scantling of 7 by 3^ inchcB, 
being half-round logs; the chairs being secured 
by strong screwed bolts. 

Mff. 36. is the section on a large scale of what 
is called a ishallovv parallel mil, 
laid down on part of this? line, at 
56 lbs, weight per yard. 

Part of the Manchester and 

Bolton railway is likewise laid 

-7\ on continuous bearings of wood^ 



or half-baulks, set a little dia- 
gonally, with cross sleepers 
beneath the longitudinal timbers, as on the pre- 
ceding iiue, with i-aits of the same form. On the 
Dublin and Ivingaton, and other radwaySj con- 
tinuous bearings of wood have in portioas been 
laid, but with a flat-based parallel rail, the rails, 
as previously noticed, being set in cliaira. 

Iron edgc-raile have also been tried in this 
country, ou continuous stone blocks, instead of 
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tioaber. On tlie Bolton and Preston railway, on 
which the works are laid in this manner, they ai'o 
5 feet in length, and 2 feet in T^'idth, and the 
blocks arc imbedded in brick sleepers. On part 
of tlie Leeds and Sclby railway, where a con- 
tinuous line of stone blocks is placed under each 
rail, they are 3 feet in length, 1 foot deep, and 
1 6 inches wide ; the four lines are kept togetlier 
by melins of iron ties, running from one side to 
the other. This plan of railway, when the stones 
have a solid foundation, must be a yery durable 
mode of construction : but where continuous 
stone blocks have been used, the harshness and 
rigidity have been found too great for heavy loads 
passing with rapidity, the impulse being much 
more severely felt both by the carriages and 
machinery : hence tliis plan baa not been extended 
in this coimtry. It is more tlian probable, liow- 
ever* that iron rails, kid eolid upon continuous 
bearings, will ultimately be extensively adopted; 
and that, from their many advantages, the public 
pinion will be extended in their favour. There 
can be no doubt that the smoothnesa and less nois^ 
of the carriage evince a more easy working, and 
less friction and jolting of the machinery. A fair 
compaiiaon can be made between the London and 
Croydon and any line laid upon other bearings. 
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There does not appear on the Great Western, or 
9>ther lines laid with continuous bearings, to be 
much, if any, diminution of the oacillating or 
rocking motiona of the carriages. On the Great 
Western, this may or may not be influenced by 
the gauge; but, at all events, there is a freedom of 
that joltmg and harsh grating noise so apparent 
on some lines. The great point, however, eTen 
more important than the smoothness of itiotion, 
is preventing the rails being thrown out of gauge ; 
and railways conatracted like the Croydon, with 
cross sleepers or transoms at close intervals, must 
afford a very effective security. However, even 
on bearings thus laid, much will depend upon the 
solidity of the railway, and the ballasting and 
packing, although it must be self-obvious, that when, 
the longitudiniil timbers are framed together, it 
affords more certainty of stability than when rails 
are placed on separate blocks, and sleepers easily 
influenced by concussion, and even by the weather, 

FLANCH OP THE WHEEL. 



Having described the different forms of iron 
rails now used on railways, it may be useful here 
to notice the flanch of the wheel, upon the adap- 
tation of which to the rail depends the dimlnu- 
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tion of friction, rapidity of motion, and retention 
of the carriage oa tlic rails, especially at high 
speed. 

Since cast-iron wheels were introduced for coal 
waggons, various improvements have been made 
on them. The first was the mode of case-liarden- 
ing the rim of the wheels, for which a patent 
waa obtained by Measra, Loch and Stephenson. 
Cast-iron wheels were next made with wrbught- 
iroa tires. Mr. George Stephenson obtained a 
patent for a wheel having a cast-iron nave and 
rim, and hollow iron spokea. Since thenj Messrs. 
Jones of London have obtained a patent for 
a wheel with wrought-iron spokes and rim, 
which 19 getting much into nee in London for 
carriages on common roads, and has been used 
successfully on railroads. Mr. William Loch 
obtained a patent, in 1830, for a wheel with 
wTought-iron spokes and rim. This wheel has 
been extensively used on railways. Previously 
to tbb patent, the wheels of i-ailway camageB were 
much used with cast-iron rims, hooped with 
wrought iron; butnow wheels are generally formed 
entirely of wrought iron, except the nave. Cast- 
iron wheels arc, however, now rarely used for 
carriages, except when drawn by horses; for rapid 
speed they can never be made uae of with safety. 
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]\Ir. Loch obtained another pntcnt in October, 
1842, for further improvements on 'wbecU of 
railway carringe^. 

The fianch of the wheel h that part of it which 
constitutes one of the most important points con- 
nected with rail ways; and in i-ailwaya where 
curves esiat, which is the case on almost every 
railway, the adaptation of the flanch and the cone 
of the wheels to the form of the rail increases in 
importance : the flauch is commonly made about 
one inch deep, slightly bevelled off from the 
inner side to the outer, in order that, when the 
wheel is running in a direct line, the edge of the 
flanch may be kept about an inch clear of the rail, 
or from coming, if posaible, in direct contact with 
it. To effect this object, the tire of a wheel about 
4 inches broad ia usually made Jn a slight degree 
conical; in a wheel 3^ inches broad, the inclination 
on the tu-e is 1 inch in 7 ; so that the diameter of 
the whole wheel is greater by I inch at the flanch 
than at t!ie outer edge. By this adaptation, and 
the slight convexity, the range of contact between 
the wheel tire and the rail is very much restricted, 
which necessarily causes its wear. To get the better 
of this, in a certain degree, it has been the practice 
with some engineers to give a slight degree of 
inward inclination to the rails, in order that the 
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Burface on wKich the wheel acta may be enlarged ; 
although it is obviouely apparent, that the greater 
the extent of surface wliich comes m contact, the 
greater must be the friction oil the point of in- 
clination of the rails : engineers^ howCTCr, differ 
much in opinion. 

On the XiOnclon and Buiningham, the inclina- 
nation of the rails is stated to be ^ of an Inch in 
1 1 inchea, or about 1 inch in 29 inches ; and on 
the Great Western, as already noticed, about 1 
in 20 inches. On the latter railway the flanch of 
the ivheel has much less bevel than on conunon 
railways : this arises from the peculiar form of the 
rail itself: to adapt the carriage-wheel to it, the 
edge of the flanch is flat and square instead of 
being made thick and beTclled. 

On one railway, the Eastern Coimtles, where 
the carriages have run several times off the rails^ 
occasioning very serious accidents, it has been 
ascribed to the improper apphcation of wheels 
with flanchea cot bevelled, or sufficiently deep, 
but thin and shallow, of the same form as the 
Great Western, to rails of entirely a different 
shape, viz. the common parallel rail. If ttiia is 
the fact, it must have proceeded from mistake, or 
ignorance in rcBpcct to the proper adaptation of 
wheels to suit the form of rjiila ; for one can 
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liardly conceive It possible that carriages with 
defective flancbea would for one instant be per- 
mitted to run, endangering the lives of hundreds. 
Indeed, the official rejjort bj the Company, on the 
recent railway accident, ascribes it " to the defect- 
ive joint of a rail being caught by the flanch of a 
wheel of the engine, the flanches not being adapted 
for the Eastern Coimties' railway, and that the 
engine would not again be used until the flanchea 
had been altered," 

In order to attain greater command over the 
retention of carriages on the rails at high speed, 
some persons have conaidercd, that were the 
flanch made deeper, the liability to nm off would 
not be so great, as a broad flanch must retain the 
wheels better; for the same jolt which would 
throw them off in the one case, would retain them 
in the other ; and thus half an inch more flanch 
would prove a great additional security. The 
deepening, however, of tlie flanch, as rails are com- 
monly used, would be attended with some practical 
inconveniences. This, however, ia a point of vast 
importance; but the solution of it can be best 
attained by experiment. Others have conisidered, 
that by increasing the number of carriage-wheels, 
the risls of running off would he materially 
lessened. The usual number of wheek is, six 
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for the engine, and four for the tender and car- 
riages. The Great WcBtern Kailway has, howeyer, 
in general, used six wheels, both for engines and 
carriages 5 which, although it may Increaac the 
amount of friction-surface, has the ohvioua ad- 
vantage, that if an axle breaks, the carriage would 
fltill continue on the rails. Mr. R. Benton of 
Birmingham has a patent for deep-grooved iron 
roUera, to be placed under the engine-frame or a 
leading carriage, within and close to the front 
wheels, upon which the carriage would fall, if the 
wheel runs off the rail, or were an axle to break 
on a four-wheeled carriage. Should this plan 
prove efficient, it might be extended by providing 
every carriage with rollers, as the expense would 
be small. 

Sir George Cayley suggests, in a letter in the 
** Mechanics' Magazine," that the front wheels of 
engines should be provided with three or more 
grooves, capable of running on the rails, to prevent 
the engine from being thrown oW, in the case of 
any obstruction which causes the engine to "jump." 
By this means the engi]ie could be kept in its right 
course till the train could be stopped. Bot the 
suggestions are indeed ao nuraeroua on this head, 
that it is impossible even to notice them. Most 
of them labour under the disadvantage of want of 
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esijerimental applicatioiij by wlueli alone can their 
utility be tested. Amongst other proposals, is 
one to have double-flanched wheels^ at least for the 
engine; which wouUl liave the effect of retaining the 
■wheels on the mils, even were the flaneh of tlie 
fore wheel raised from it ; and by this means 
the engine would be restrained from leaving the 
rails. 

Some have attributed the liability nnd fre- 
quency of carriages running off the rails, not to 
the want of depth in the flanch, or even imper- 
fection in the rails, but to the centre of gravity 
of the enginea being too high, which increases the 
oscillation. 

Professor jMcIson and Mr. CK Heatin of Bir- 
mingham ascribe such accidents to the neglect 
of the accurate balancing of the revolving parts 
of the machinery, which occaeiona the violent 
oscillations, the jerking, and leaping motion on 
the rails. They have tried a uumber of experiments 
on the effects produced from the want of equa- 
lisation in the system of rotatory machinery : they 
propose to counteract the bad effects by coimter- 
jMjising the weight of eranka and connecting-rods, 
&c., by meuna of a contrivance to bahuice the 
machinery, and bo produce a smooth and equable 
motion. 
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CARRIAGE, AXLE, AWD BEARINGS. 

The asles of carriages is anotlier point cou- 
nected with railways deserving of much con- 
sideration; and consequently many imprDvements 
have been made on them in recent ycara. Com- 
paratively few accidents now happen from break- 
ing of an axle ; but when it does occur, the most 
serious consequences may arise. The axles are 
always made of scrap or malleable iron, of the 
best workmanshipj and about 3| inches in thick- 
ness } but the engine axles are much stronger than 
those of the carriages. It is of course weU known 
that the principle of fixing the "wheels of railway 
carriages is the reverse of that of carriages on 
common roads. In the latter, the wheel revolves 
on the axle; whereas, in the former, as the wheels 
are guided by the flanchcs, and the carriage docs 
not require to turn round, the wheel is securely 
£xed on it. In the nave of the wheel of railway 
carriages a square hole is bored out, to get a more 
perfect fit, and the end of the axle is wedged 
fast into it. The bearings in which the axle 
turns are in common waggons placed inside the 
wheels, when these are outside the frame-work; 
but> hy the improved plan, the bearings are placed 

H . 
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outside the wheels. The latter plan admits of a 
greater width of the frame-work of the carriage, 
from being elevated above the wheels. This plan 
is therefore generally adopted for railway carriages, 
although it has the effect of making the centre of 
gravity higher than by the other plan. It presents, 
however, an advantage over the plan of having 
the journal or bearing inside of the wheel, that 
lesa friction is created, as the journala of wheels 
3 feet in diameter, may be reduced from 3;|^ to 
21 inches; thus the latter will present a much 
less surface in contact : the journal of the axle 
is always turned with the utmost accuracy, as the 
least inequality is productive of serious con- 
sequences. The outer end of the journal is 
swelled out in diameter with a collar to keep the 
axle, when in situ, from moving laterally or 
outward. A brass bueh, in which the axle can 
turn with facility, is fixed in a cast-iron cliair or 
box, made in two pieces to embrace it, and when 
so placed they arc bolted together. The chair or 
box. is then firmly fixed to the framing of the 
carriage. 

When concave springs are used, which are most 
common in railway cjirriagcs, ihc centre of the 
Bpring reeta on the top of the chair, and ia 
fastened to it by the same bolt which fastens the 
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chair together. Vertical platea of iron, or guides 
embraciDg the chair, but allowing action for the 
spring, are fixed to the aide of the framing of tlie 
carriage, and work witliin the projecting part of 
it. Aa it ia important that the guide a ahould be 
fixed in 3uch a manner tliat no working can take 
place, they are firmly stayed with iron connecting 
bars and a crosa holt between each stay. 

An ingenious contrivance has been provided 
for lubricating the axle of the carriagea, which, 
from the rapidity of motion, is rendered con- 
stantly necessary; a small chamber or box is 
made directly above the bearing of the axle, 
having a small hole at the bottom, through which 
the matter percolates upon the journal when the 
axles get in t!ie least degree heated. The box is 
filled with a kind of ointment, about the consistence 
of butter, made of tallow, palm oU, eidphur, &c.j 
by means of a lid which lifts up, outside the 
wheels, with a spring to keep it closed during the 
motion of the carriage. The lubricating matter 
ia commonly made by the railway companies ; but 
several patents have been taken out for different 
Compositions for this purpose. 



100 



OABBXAG£-SPEINaS. 



CABBIAGE-SPEJNGS. 



From the speed at whicli carriages on railways 
now move, and tlie number of earriagea wbicli are 
necessarily linked togetherj and the jerks and 
ehocks they are liable to when stopped or put 
in motiorif great strength of frame is not only 
necessary to prevent their being injured, bnt 
6uch an adaptation of springs as to modify the 
effect of the concussion, prevent the carriages 
from strikiag hardly against each other, and to 
extend the shock gradually over the whole train ; 
an elastic yielding throughout the train, there- 
fore, becomes necessary. By the plan of con- 
necting the earriagea by means of iron bajs the 
whole becomes ae one, and hence one blow, 
or jerkj is felt simtdtaneously ; but as Gvery 
change of motion must produce a shock through- 
out the trainj and the more violent according to 
the velocity, the idea presents itself, that the 
Tiolence of the shock might be prevented by a 
series of springs. Yarioua ingenious contrivances 
have accordingly been made for this purpose — 
most of these improving on the original plan of 
the carriages of the Liverpool and Manchester 
Railway, where the necessity of using springs 



CARRIAGE-SPEINGS. 



101 



I 
I 



* 



from the increaae of speed became the more ap- 
parent. From carriages on railways requiring 
nearly a straight-forward motion, an arrangement 
of the springs was obrioualy wanted to meet the 
direct tractive force, viz. one class of springs to 
relieve the body of the carriage from the jolt of 
the axle, and the other to resist the transmission 
of direct conciiBsion. As the frames of the carriages 
on most railways usually project over the wheels 
to obtain greater width of body, the lowness of 
the wheels and carriages, and weight of the 
latter, in a great degree lessen the imperfection 
of such a plan, and the risk of overturning. The 
frame of the carriage is usually made to rest on 
elliptic lapped springs, which are supported upon 
the iron cliair of the axle of the wheel. The 
springs formerly were often placed above the 
frame of the carriage, which had the advantage of 
enabling the platform to be kept lower, but they 
are now usually placed under the frame. The 
springs are now made much larger and much less 
concave, than at one time ; and in the most im- 
proved carriages the lapped springs are made very 
long, and nearly quite straigljt ; these do not rest 
on the chair axle. Grasshopper springs are used 
on some lines, but are not common. The springs 
of heavy carriages are necessarily made of great 
■a 3 
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Btrength. The plans of carriage aprbigs vary, 
however, considerably. 

The other class of springs used in railway 
carriages is termed buffers, which are round blocks 
or discs of metal or wood, projecting from the 
ends of carriages, commonly covered with cushions ; 
these buffers are fixed on the ends of long iron 
rods, placed imder the cjirriages in the frame-work, 
having free motion inwards, and pressing againet 
the end of an elliptic spring when subjected to 
pressure, or brought in contact with the buffers of 
the adjoining carriage. As all the buffers in a 
line of carriages, whatever be the number, arc 
all made to stand directly opposite each other, it 
obviously follows, that whenever any concussion 
takes place, ae the eudden stopping of a train, the 
shock, by their elasticity, is much lessened 
throughout ; these springs act eq^ually effectively, 
■whether in pulling or pushing the carriages. 
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Fiff. 37. 



Mff. 37. ia the ground-plan of a carriage, which 
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may convey some idea of the fiction of the 
buffers : a a are the buffers ; c c the elliptic springs ; 
A i is the apparatua for drawing the carriages, 
with the email springs e e. The connection be- 
tween the carriages usually consists of a joiutct] 
bar of iron, which ia quickly joined or separated by 
the removal of a pin, in addition to "which spare 
chains are always used. 

BcsidcB this form of spring, 
various other contrivances have 
been proposed and in use. Mr. 
H. Booth obtained a patent in 
1836 for a plan of applying 
butfersj keeping the heads con- 
stantly in contact with each 
other by the preaaure of springe 
acting on them, and by shorten- 
ing the drag-chain, and fixing 
the carriagea by dmw-iscrews. 
I^iff, 38. is a plan of the 
chain and screw shackles ; the 
drag-chain being placed on the 
hooka of the carriagee, the 
screw is turned round iiutil 
the buffer heada are brought 
'^' ' together. Mr. Booth's plan of 

buffers haa been adopted on Bcveral railways. 

H 4 
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Other plana of buffers have been invented to 
act with helical or spiral springs. Mr. Bei^ia of 
Dublin has a patent for an apparatus of this kind. 
An iron rod is made to pass from one end of the 
carriage frame to the other, and the connecting 
chains are attached to the bufter heads. The rod 
of the bufiFer passes at each end through a hollow 
tube, and is eurrounded with a spiral spring, 
which beare against the tube, but cannot enter it. 
This invention has been applied to the carriages 
of the Dublin and Kingston Kailway. Other 
forms of spiral spring! have been applied, as that 
of Mr. Blackmore, to the carriages of the New- 
castle and Carlisle SaUway ; but it would be of 
little practical utility to describe the various me- 
chanical contrivances proposed for this, as well aa 
for most points connected with raihvay practice 
on the advantage or disadvantage of which much 
discrepjincy of opinion exists : indeed there ia 
Ilttlo occasion to enter into a minute description of 
the construction of railway carriages, if the prin- 
ciple on which their safety of action depends be 
underetootl, as they are const.T.ntIy exposed to the 
observation and examination of every one. It haa 
been recommended, that a more clastic construction. 
of carriages, in which the axles might have euf- 
cient play to enable thera to adapt thcmeelves to 



GAUGE OE WIDTH BETWEEM THE RAILS, 105 

curved tracks would be advantageous ; and dif- 
ferent plans have been tried for this purpose. 

I A plan has been suggested by Sir George 
Cayley to deaden the eiFect of a sudden railway 
train collision, by having a very large buffer fixed 
to the front of each engine, to be composed of a 
eries of large cushions or mattresses well packed 
with elaistic materiaL Another sufrjrestion haa been 

^ Diiidej to have air-tight cylinders and pistons fixed 
the part of the engine where the buffers are now 
placed, &B the clastic property of tte air would 
dirainish the effect of concueaion. Another sug- 
gestion has been made, to have a strong van stuffed 
with wool, cotton, caoutchouc, or some elastic 
Bubstance, to run both in front and rear of 
trains. 



THE GAUGE OR WIDTH BETWEEN THE EAII.8. 

The mechanical applications for rails and car- 
riage-wheels having now been described, the 
formation of the railway track may be considered. 
This subject is one of those things connected 
with engineering arrangements, which has of 
late years attracted much public attention, and 
^■Dn which much difference of opinion cxiata ; 
the points of dispute will aflerwards bo more 
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fullj considered. All that ia necessary to notice 
here is, that what is meant by the railway gauge 
ifl the clear distance the raOg are placed apart, 
measuring between the inner rims of the rails. 

In all the early-formed railways in thia country 
the gauge was from 3*feet 6 inchea to 4 feet. It 
was afterwards increased at the collieries to 4 feet 
6 inches, and in the course of time was enlarged 
to 4 feet 8J inches, which now forma what has 
been termed the narrow gauge, or the standard 
British Grange, from its almost univeraal adop- 
tion: tliiB may, Ln a great measure perhaps, be 
ascribed to this gauge having been adopted on 
the Liverpool and Manchester line. Some few 
miles of railway In Scotland, as the Dundee and 
Arbroath line, were at first laid down at a gauge 
of 5 feet 6 inches, but these have of late been 
gradually altered to the 4 feet 8j inch gauge. 
The Irish commiesioners have adopted a gauge of 
6 feet 2^ inchea on the Ulster Railway (Belfast 
and Armagh, Act, 1836); and on the Dublin and 
Drogheda line the gauge adopted has been 6 feet 
3 inches. 

On the Great Western Railway, between 
London and Exeter, 193 miles, Mr. Brunei, as is 
well known, for reasons which will be afterwards 
noticed, adopted a gauge of 7 feet, which is now 



* 
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generally known by the name of tlie Broad Gauge- 
This gauge is now in the course of being fai'ther 
extended into the heart of Engkod, by the Act of 
last session of Parliamentj for the Oxford and 
Wolyerhampton Eailway. It may be therefore 
kept in \'iew, that there are only now two railway 
gauges in uae in Britain — -the broadj 7 feetj and 
the narrow, 4 feet 8^ inches. The relative lengths 
constructed, orin progress, asgivenby Mr. Harding, 
in July 1845, are — 

Narrow Gauge Railways. 



Completed 
In progress 



Projected 



MiJea. 

- 1844 

- 614 

2458 

- 6918 

9376 



Broad Gauge MaUicays. 

Completed, Great Western, Bristol 
and Exeter, Cheltenham ami Great 
Western, Brigtol and Glouceeter - 

In progi-ess _ . - 

Projected - - . - 



278 
52 

330 

1311 

1641 



Thus mating the proportion as 5| to 1. Almost d] the 
railways projected since the above date are of the narrow 
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KAILWAY PASSING PLACES, POINTS, AITD 
CEOSSINGS. 

In the railways first constructed ia Britain, 
moet of wliicli were for private use in the mining 
districts, a single line of way formed the railway, 
the carriages getting off the main line when it 
was required tliat another train should piss, by 
means of what have been termed sidings, or pass- 
ing places, namely, a branch diverging laterally 
from off the main line for a short distance, and 
then returning to it. In these railways the rule 
was for the loaded carriages to keep the main 
line, and the empty ones to croaa to the siding 
till the others had passed. The point and switch 
rails, as may be seen on the older radways, were 
of most simple construction — a short piece of the 
rail turning on a pivot. Fig. 39. represents a 
crossing rail generally uaed on railways of this 
description. From the 
obvious inconvenience and 
danger attending points 
^' ' and crossinga, especially if 

the carriages went at any speed, various con- 
trivances were made to pass without interruption, 
or the necessity of altering the moveable piece of 
rail ealled a switch, which required much atten- 
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tion. The plan adopted where tlie traffic in each 
direction was nearly equal, waa to have crosaings 
of the rails laid in such a way at particalar places 
that, at these, both trains (livergetl a little to one 
J side, forming a circuitous course till they passed 
ich other, dispensing with the moveable switch, 
A plan of this kind is nsuch used in underground 
railways. Another mode is to have a spring switch 
opening to the wheels of the carriages, and allowing 
them to go on. The great object in these con- 
trivanoea wag to avoid the necessity of manual 
ibour. Fig. 40. represents one end of a passing 
place, for a single line of rail- 
way^ by which carriages, pro- 
ceeding in opposite directions, 
diverge equally from each other 
at the same time. This plan 
may be worked without the necessity of moving 
the switch by the hand. The jroint rail at the 
one angle, and oorresponding one at the opposite 
place of divergence may remain always open by 
^Mneana of a powerful spiral spring, moving back 
tlie point to its original position, when the camageg 
lave passed, the points of the opposite angles 
being always kept shut. By another arrangement 
of the spring a contrary action may be made to take 
place} for when tie moveable rail is pushed to ■ 




Fig. 40. 
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wards tlic fixed mil by tUe wlteels of the carriages 
the spring imiinidiately closes it again. In other 
plana of crossings the pasaing-place simply di- 
verges to one side of tlie main line, and returns 
to it a^in, the point opening to the retiring 
carriage, and returamg by a spring to its foi-mer 
poaitioii, Mr. N. Wood describes a self-acting 
plan adopted at the Killingworth Colliery, where 
the loaded carriages keep by the main line and 
the empty ones diverge on one side, and return 
again when the fonner have pasaed ; a spiing 
switch being made to open to the whcck of the 
loaded carriages, and allowing them to procccdj 
while it makes the empty ones diverge to one side. 
The apind spring is enclosed in an iron tube, and 
connected with the moveable rail, and by an 
an'angetneat of the spring it can be made to act 
against the rail, and be kept constantly shut, or 
the spring may be made to act the reverse way, 
and keep it open, and press it firmly against the 
fixed rail. 

These contrivances of springs to move the 
point rails from the sharpness of the bends and 
joltings at concusalon, arc not so well adapted for 
double lines. Indeed, in the latter caae, crossing 
places are cot bo much required, as a train re^ 
quires only occasionally to deviate into a passing- 
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(lace, siod tJie more seldom the better for safetj- 
Tlic point rails on lines for locomotive engines 
e considered to be more safely worked hj the 
}uind ; it has, thevefoi'e, been properly viewed aa 
a matter both of prudence and of necessity, tlmt 
railways constructed for quick speed should have 
a double line of ivay. A single lino for such 
urposea has, with a few esceptionSj therefore, been 
most entii'ely done away with ; and it is now a 
re circumstance in this country even to find one 
proposed, notwithstanding the temptation to adopt 
single lines from their lesd expense ; although, as 
has been previously stated, many of the lines in. 
merica, one of them said to be of great length, 
have merely a single hne of way. 

In a double line of railway one of the lines 
IB termed the up-linc, and the other tlic down- 
line, the up-carrlagea invariably keeping on tho 
one line, and the down-carriages on the other. 
When a quick train has to pass a alow train, 
going in the same direction, the latter has to go 
oflF the main hne to a fiiding-place, and places of 
tliis kind and crossings are provided at different 
points of the line, or at stations. At most of the 
termini of railways four lines arc laid down with 
crossings; and tum-tablea are provided for the 
facility of changing the carriages on the lines. 
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Fit}- 41.13 the plan of a common crossing, runniag 
obliquely across a double line of mils. The angles 

are show n, more acute 
than they are in reality 
made, for sharp angles 
could not be worked 
with safety on rail- 




Fiff. 41. 



waySj owing to the gi'eat shock in passing, creating 
a liability to thi-ow the wheels oif the rails. The 
angle of railway crosginga for great apecd should 
not be more than from 2 to 2^ flcgrees, but for 
elow apeed the angle is commonly 6 to 7 degrees. 
At the pointa of intersection of the i^ails grooves 
are provided for the flanches of the wheels, and 
guard raila are placed within the line, to keep the 
inside flanch from getting off the rails. So im- 
portant for railway safety is the setting of the 
swltchcBj as the least neglect may occaaion the 
most serioua accidents, that some railways have a 
signal apparatus aflixed to thera, which indicates 
to the driver of the train as he ai>proaches the 
exact poBition of the switch, 

The method in use of moving the cross- 
ing points on railways is much the eame as that 
first adopted on the Liverpool and Manchester 
line.- Two cast-iron plates about 9 feet in length 
are fixed on the blocks or sleepers, and have a 
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'^Binglc moveable rail on each plate, turning, at 
one endj a few incliea on a joint or centre. The 
butt-end of this meeta two raila (a little separated), 
whicli EiJso rest on one end of the plate. The 
tTvo moveable pieces are connected together by 
an iron rod which niovea them liitenilly to each 
side of the fixed rail, so that in an instant 
the tniin can be diverged off the main line. 
Another plan acts the reverse of this ; it ia a loose 
rail in the common way, turning on a joint, and 
I the sharp end of the point carries onward the 
carriage whcela on the intended track. Two 
short pieces oi' both the moveable and fixed rails 

I are placed upon a cast-irou plate. 
On railways where eteam power is adopted, 
the moveable points arc worked by means of a lever 
«,nd connecting-rod, the handle coming through 
a square cast-iron frame placed on 1^\e ground 
jclear of the rails : by the simple drawing back the 
lever, the point ia moved ; and when the attendant 
^^ elackcns his hold, the point returns to its original 
^B position. 

^B Instead of the square plate, the plan on several 

^^ railways is to connect the turning-rod with a 

gmall cast-iron piUar, firndy set up. A vertical 

spindle, passing through it, turns in a socket at 

► the lower end: near the bottom of the spindle a 
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ebeave is placed horizontally, fixed on a false ceii' 
tre, with an iron ring working round the Bheave, 
forming the common eccentric motion : from one 
aide of the ring a horizontal rod ia connected by 
menus of screws with the rod which turns both 
the points or loose rails. The apparatus is entirely 
enclosed, and nothing except the pillai- and handle 
is e.een. The whole of the Great Western Eail- 
way is provided with very neat piUara of this 
kind. Examples of the arrjmgeraent of the crosa- 
Ings at the termini of railways may now be seen at 
almost every large town. At the Euston Square 
station of the Loudon and Blrnilngham line, four 
lines of rails are laid down, as also at the goods' de- 
p3t, about two miles distant, between Camden Town 
and Chalk Farm bridge, near the Primrose Hill 
tunnel. At the latter place the general arrange- 
ment of railway crossings may be seen, and the 
danger which so obviously and necessarily attends 
them, both the up and down lines being inter- 
sected; eight or ten crossing-points or gwitchea 
are seen from Chalk Earm Bridge within the 
space of a few yards; and as all these require to 
be set and tiumed by the hand to put the trains 
on the right track, one may easily conceive the 
vigilance and care requisite in their management, 
notwithstanding the facility with which, from the 
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[apparatus already described, they cao be changed. 
Perhaps there is nothiug connected witli railway 
practice in which more imperfection esistSj or is 
^B eo fruitful a source of danger. So much so la 
^m this the fact, that many eogineers have long con- 
^B sidercd that there never can be entire immunity 
^pffom mk at these croseiuge until there be intro- 
^ duced a self-actiug switch or points opening 

I themselves by the action of the wheels of the car- 
riagea. From the ra.pid speed, howe\ er, of railway 
trains, any contrivance for tliis purpose must be 
dtteoded with practical difficulty. Although, there- 
fore, there is considerable risk from the noglect of 
these when opened fiy haod, still there must be a 
confidence given to the driver as he approachea 
(which lie would not feel from the former plan, 
from the apprehension as to the derangement of 
the apparatus), in daylight, to find the turn-point 
^■at hie station, and at night, that the signal indicates 
that the points are pro]>erly set. The danger 
^—arising from these not being rightly placed must 
^B^^ apparent, when it is considered that the least 
neglect might send a tmin diametrically the oppo- 
eite way intended. It must likewise he equally 
^^ obvious that the fewer crossings used, the safety 
^■KUfit be the greater; and when croBsings do esistj 
they should not intersect the main line of transit. 
I 2 
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The (liinger attending the intersections of the 
main line is fully illustrated at the Camden Town 
station. The goods' station Uea to the right of 
the main line (going out of London) ; hence lug- 
gage vans have to cross the down line before they 
can get on the up line: they are consequently 
always liable to be run into by the down trains, 
from the least derangement of time, as lately hap- 
pened, and wa3 productive of fixtal consequences. 
The danger arising from an an-angement of this 
kind must be apparent, and could be removed at 
a little inconvenience, by separating entirely the 
up and down goods' departments, and making 
one set of warehouaea, from which the down 
goods ]>roceeded at once upon the main lincj 
and another set of warehouses in which the up 
goods should be received without having diverged 
from the main up line, thus preventing the lug- 
gage vans crossing the lines : had Buch an ar- 
rangement been in existence the late accident 
could not have happened. 

An accident baa just occurred from the same 
cause nt the Bristol terminus, where a ti-mn from 
Gloucester ran into the Exeter luggage train, 
while the lattei* was passing from the Bristol and 
Exeter to the London line, and seven trucks were 
BraaBhed to pieces. In lines therefore worked 
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■with locomotive engines, wtere gi'eat traffic cx- 
iets, were the goodd' department to he entirely 
separated from the pas&engcrs' one, both safetj' and 
convenience would be consulted. This, indeed, 
could only be at first done by much additional out- 
lay, and made perfect by forming perhaps a third 
or even a fourth line of rails, the goods' traffic 
being entirely confined to the Mnes made for it. 
Indeed, from the difference of speed adopted 
Tvith different trains, auch a plan as this seems 
the only one to avoid the danger of coUiaiona by 
trains being nin into. Were a third line of rails 
formed at every ratlwity where express trains are 
allowed to ruUj to which they were confined, 
great additional safety would be given, as pass- 
ing-places must be ever attended with mnch 
uncertainty, 

A very opposite view to the above was enter- 
tained by Mr. F. Wishaw, as to the means to pre- 
vent collision, and at the same time enable railways 
to be formed at little ejcpense. He proposed t(i 
have only a single line of way throughout, what- 
ever be the amount of traffic; and to start at 
every hour in the day from terminal and prin- 
cipal intermediate stations, exchanging the trains 
hy means of turn tables. This singular scheme 
he termed the reciprocating system ; but from 
I 3 
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its inconvenience, and the vigilance of manage- 
ment required for workiag euch a plaQ> it is not 
likely to be adopted. 



TURN-TABLES. 



Those vety dangerous crossings which exist oti 
many lines should, if possible, be removed, where- 
ever locomotive power is employed ; indeed, they 
are not in general necessary, especially near 
etationsj as the goods' warehouses arc usually built 
at tlie final terminus. The heaviest carriagea are 
easily moved from one Hue of way to another by 
means of the useful (md clever inYention called 
the tum-table or jjlate. This consists of a circular 
cast-iron tabic turning round upon rollers, having 
fotu* iron ruils formed on it, placed at right angles, 
of the same gauge as that of the lincj and set to 
tlie same level ; when the caniage passes on to the 
table, it is wheeled round, and may cither be en- 
tirely reversed, or, by turning It a quarter round, 
so aa to be at a right angle with the line, the 
carnage may be run on to anotlier line of rails. 
The tables can thus transfer a eiugle carriage in 
a short epace of time from one track to another, 
or add it to, or take it from, the train; or an 
engine can he entirely reversed in a few minutes* 
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Tig, 43, 



Sectian, 



I 



Tbe tum-plate (^j^v/i. 42. and 43.) is constructed 
by making a circular hole, built witb masons' work, 
of the size to receive tfie table, from 10 to 12 or 
more feet in diameter, according to the gauge of 
the rails and length of the cairiagce; those of 
the broad gauge being much larger in diameter 
than the narrow. On the floor of this pit, eight 
or more stone blocks {Jig. 43.) are placed round 
the circle, and on these, cast-iron chairs aiie fixed, 
in a sim^ilar manner to those used for rails- In 
these chairs an iron circular ring, about 2^ inches 
broad, is laid, with the outer edge of the upper side 
alightly inclined downwards, and on the under side 
of the table there is another ring of the same 
t 4 
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diameter; between tliese two rings iron rollera 
revolve, the under side of which haa a bevel 
corresponding to the lovFcr ring. These rollers 
arc turned round by means of iron arms, which 
radiate from a centre ring embracing a vertical 
epindle. The anna pasa through the middle of 
each of the rollers, and are firmly fastened to them. 
The intention of the roUera is to carry the weight 
of the table, and to move it easily, as the under 
ring of the table turns upon their circuraference. 
The table ia kept in its poBition by the centre 
spindkj turning with it on a eockct, but not sup- 
porting the weight. There is an outer iron ring 
the same diameter as the table, and forming 
(should the platform be made of timber) an edge 
to it. This ring is I'aised above the level of the 
arms of the rollers, and witliin it the floor h placed 
upon which the rails are laid. The platform of 
the tabic is, however, generally now made cntii-ely 
of cast-iron, with rails raised on its surface. A ring 
of corresponding diameter surrounds and forms a 
margin to the table, and the ends of the rails of 
the line of way rest on it, and abut those on the 
turn-table, 

To describe the numerous mechanical con- 
trivances connected with railways would fill 
^volumee. One, not the least intereatingj is the 
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water-crane, which consists of a cast-ix'on pillaiv 

through which the water passes, having a hose to 

supply water to the engine ; they are planted on 

different parts of the line. These cranes revolve 

^^ on a centre, to bring the hose to the tank, and to 

^■be turned from off the line when not used ; and 

means ai-e taken to prevent the water freezing. 

The niile-raark is another useful contrivance on 

railways, by which every quarter of a mile may 

^■counted, and the rate of speed ascertained by the 



travellers. 
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DESIGNING A LINE OF BAILWAT. 

Having now described the mechanical contri- 
vances reqiured to form the track of the railwayj 
(and it may have been observed how much skill 
and perseverance have been displayed in biing- 
ing these to the maturity they have already 
reached,) the formation of the line may be 
shortly considered, although it ia foreign to my 
purpose to enter into minute details, or a dis- 
quisition on thia branch of railway practice. 
However, a synopsia or condensed view of a 
subject in which so many are interested may be 
useful. Every one, indeed, can casUy liavc a 
general idea of the principles wpon which rail- 
aye are usually constructed. It may be said. 
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without mucli fear of contradiction, that the great 
point to be kept in view in railway planningj 
with the amount of engineering knowledge on. 
this subject already acquired, is to have a clear and 
definite view of the object for which the nulway 
ia to be conatnicted ; the motive power which is 
intended to be employed ; and likewise a precise 
idea of the rate of speed which it would be re- 
quiretl generally to be worked at ; whether the 
railway is to be planned for goods as the main 
object of traflSe, or whether chiefly for paseengerB j 
or whether to be adapted for both purposes at a 
moderate rate of speed. Almost every point con- 
nected with the foi-mation of a railway hinges on 
the motive power and rate of speed. 

Had such points been clearly wrought out and 
determined on by engineers, or by railway com- 
panieSj before the undertaking waa commenced, 
even in making aurveys and taking levels^ many 
examples might be given showing how much use- 
less expenditure might have been avoided. Where 
a slow speed is required, with a light traffic, diffi- 
cult gradients might be overcome even without an 
assistant engine ; and thus the expensive and 
Herculean labours might be avoided of cutting 
miles through hills or solid rocks — forming dis- 
mal tunnels and precipitous embankments. On 
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the other hand, a railway formed with the view 
I of carrying ont ft rapid moTement, and taking 
^■loftds of goods in hourl)" succession, must hare 
every engineering part of the line adapted to the 
\^- working of it, Thua, the radius of a curve which 
^B'in one case might be admiBsiblej. in the other would 
^B be dangerous, and must be enlargcdj or dispensed 
" with entirely : in the one case steep gradienta 
would be of little congequenccj in the other ex- 
ceedingly injiirioua ; while a curve placed at the 
base of an incline in the latter would be still 
more mischievous and absurd. For heavy traffic 
L atid gi-eat velocity the excavations and embank- 
^KjnentB must, thereforOj, be propurtiouate in width 
^B"* the viaducts in strength — the bridges and 
tunnek in elevation and width — road-crossings 
avoided — and whUe the gradients arc adapted 
for such increase of speed, the strength and 
stability of the rails must bear a corresponding 
proportion. 

Too often, pcrhapsj from overlooking these 
preliminary points, have railways been constructed 
ill adapted for the rate of speed, and weight, and 
number of the trains worked on thcni. Had the 
present quick rate of speed been foi-escen, might 
10 steep inclines on the Liverpool and Man- 
it railway (at Whiston, 1 foot in 90, and at 
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Sutton, 1 in 89) have been avoidedj which j in 
spite of all the advantafrea of the increase of the 
motive power, form permiiQent irapedimcnta to 
rapid transit? And, in a similar manner, would not 
the curves of short radii which exist on many 
lines haye been avoided ? 

In the conatruction of railways, the cuttings 
and excavations — that is, the formation of the 
line of way through elevatioiia, and their per- 
forations where requisite, with tunnels — the filling 
up of deep ravine3, or the forming of embank- 
ments — arc all points that evince the talent and 
skill, and test the experience, of the engineer. 
As the main object is to bring the line of way as 
near to a level as possible, by the judicious plan- 
ning of the line many thousanda of pounds may 
be sav^cd. Engineering in these days has assumed 
a new feature from bygone times. To be a rail- 
way engineer, not only requires an accurate e3"e 
to take up the general aspect of the country, but 
at the same time to have a clear conception of its 
geological character. The level above the sea ia 
too often overlooked, and considered a secondaiy 
nmtter ; but it is all-important, as all main trunk 
lines for c^mmerclid purposes ought to have a 
branch communication with some sea-port. No- 
thing, indeed, is more common than to find 
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people suppose the surumit of an iiilaod district 
18 greatly above the sea levelj when in fact the 
rise is often iaconsiderahlc. There are, perhaps, 
not many countries, where the general trending 
of the mountains is understood, through which 
railways could not be csirried. No doubt " rail- 
way difficulties," as tliey are quaintly termed, 
ich always more or lesa exist, arc increased in 
ttlly countriea ; but that route, which but a few 
years ago wonld have been deemed impracticablcj 
now presents few obstacles to engineering skill. 

In laying out a line of railway through a 
country, the gradients have been properly con- 
sidered an Iraportant point in the adoption of the 
particular line. The word gradient, now in so 
common use, is well known to mean the propor- 
tion of feet of ascent or descent in a mile. An 
inclined plane is of course understood to mean 
every plane which is not level ; and it is usual in 
describing railways to make use of the term in- 
clination for ascent, as an incline of 1 in 101, or 
an ascent rising one foot in one hundred and one 
feet, which ia the same as a gradient of 52 feet 
per mile. Beside the consideration of the gradients 
on the route, another principle of great iraportanee 
to be kept in view is, to shorten the distance as 
much as possible between places to which a direct 
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communtcation h required. The result of ex- 
perience in rallwaj^ fonnation has already shown 
that circuitous routca not only increase much 
the expense, but ilo not afford the advantages re- 
quired ; beside which, the adoption of a curvili- 
near route too often, instead of a straight line, has 
had the effect of injuring the efficiency if not the 
general safety of the line. 

The numerous plana of railways now before the 
public proceed, therefore, chiefly on the principle 
of a direct communication, and it is considered 
better for smaller towns to have a branch directly 
to the larger ones, than that a railway &hou!d per- 
ambulate a country, and diverge for their accom- 
modation, at one point at a tangent, and at another 
by a Bemicircle, from the straight line. 

It need hardly be observed, however, that in 
HCverjol casea it is impossible to avoid a curvilinear 
rtoute, as in approaching domains, although there 
18 no doubt that in many instances the objecting 
parties would idtlinately obtain most advantage by 
permitting the straight line to have been adopted. 
Besides the advantage of having railways formed 
in direct, rather than in cii-cuitous routes, a new 
feature eeems to introduce itself into railway 
HrrangementB, which does not yet appear to be 
sufficiently understood : this is, the advantage of 
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iTing ehort lines of railway from town to town, 
d village to village, under local management, 
on the presumption that turnpike roads tfiII eooa 
entirely merge into railroads. On this plan the 
trunk lines proceeding in long distfmces would 
have feeding branchea from every district ; and 

me town being connected with another over the 
whole kingdom, would afford facilities of commu- 
nication the present sjstem never could give. 

The want of having direct routee of railway 

communication fixed throughout the country has 

by many been considered an error in the railway 

system ; which, hoAvcver, from the number of 

inesj cannot prove any impediment either to 

encral traffic or the convenience of passengers. 
In Ireland, commisaioners were appointed to con- 
sider the subject of railways for that country, and 
rtala lines have been proposed in conformity 
ith their report ; but from the limited extent of 
ilways yet formed, there is not data sufficient to 

ibrm any decided opinion of the system. Most 

if the continentsd railwaye have been planned 
under government control, but in Britain com- 
mercial enterprise seems likely to achieve every 
object desirable in respect to railway traneit, and 
multiply the lines to accommodate every district 
in the United Kingdom. 
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As, in planning any railway vvhatevei'j it ia 
next to impossible to obtain a direct level, the 
object of the engineer ia to arrange the gradients 
of the Hue in such a manner as to approach to a 
levelj for nothing will tend more to the perfection 
of a railway than that the track over which the 
wheels are to run should be smoothj straight, and 
levelj which arrangement ib, in every instance, 
the preferable one. But as it is absolutely neces- 
sary in many localities to ascend considerable 
acclivities, and to descend again to the former or 
even a lower level, — -or when one terminus is con- 
siderably elevatedover another, ason the Edinburgh 
and Glasgow line, it becomes ncceasaiy to descend 
from the level of the one to that of the other. 
Engineers very naturally differ in opinion aa to 
the best methods of overcoming such difEcultiea. 
One phm adopted has been to distribute the rise 
and fall as equally aa possible throughout the 
whole line ; and another metliod has been to con- 
centrate these on a few steep points, and to make 
the other parts of the way as level as possible. 
The London and Birmingham railway affords an 
example of the former, and the Liverpool and 
Manchester of the latter. Some have strangely 
considered that when the line of way ie undulated 
(the Uull and Sclby affords an example of this 
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profile), it is preferable to a perfect level, as the 
gravity which aids the descent increaaea the mo- 
mentum of the ascent, thus equalising the amount 
of tractive force ; but as the amount of gain is 
however verj small in short planesj this method 

if an-anglng the gradients of a line is not likely 
be entertained unless from peculiar circum- 
stances. 

It 13 now generaUy admitted that, in order to 
Attftin an economical working line where consider- 
able deviation from the level must exist, that 
there must be some eimilarity or equalisation of 
the general gradients of the line ; or in other 

ords, that when the traffic of a railway is nearly 
e same from both ends of a line, the degree of 
xnclination ia of less consequence as respects the 
working cxpensej provided the loss in gaining the 
general summit would be compensated by the 
gain from the assistance of gravity in the descent. 
In accordance with this view oq most niilways on 
which a considerable summit level has to be 
reached, the plan is adopted of having a aeries or 
planes graflually rising, and a corresponding 
series descending. The Grand Junction affords 
an example of this arrangement : on It there ai-e 
15 ascending, 10 level, and 23 descending planes, 
No railway, howeverj constructed on this plan> 
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can be deemed perfect, without breaking a long 
inclination with intermediate level planes, as 
considerable danger must always exist from the 
moraeutam which a heavy load acquires in de- 
scending uninterruptedly a steep descent. The 
Eastern Counties Railway, at Brentford, incline, 
affords an exiunple of the want of this arrangement, 
there being no level plane in the nearly three 
miles of descent ; 1 foot in 100, or a gradient of 
5S'8 feet per mile. 

To attain the objects of railway formation now 
pointed outj from the varieties of tlve surface of a 
country, vast expense will often be incurred; valleys 
must be filled up, rocks cut through) viaducts and 
bridges formed ; and even should a district be com- 
paratively level in some instances, as in the Edin- 
biirgh and Glasgow line, verv expensive works in 
a short distance occur : thua the works, in this 46 
mUes of railway, are much more numerous and ex- 
pensive in proportion than those on nearly the same 
level plane of 117^ miles of the Great Western. 

As these expensive works have generally been 
formed for the purpose (at least in reference to the 
Edinburgh and Glasgow railway) of obtaining a 
level way, as the ordinary gradient on this railway 
18 1 in 880, it becomes a matterof much importance, 
as regards not only the original outlay, but the 
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safetjr in working of the railway, whether it ia 
better to adopt the plan of concentrating the faU, 
as in this case, on one steep point, or to distribute 
the rise and fall throughout the line by adopting a 
steeper claas of gradients. By the latter plan, 
there cannot be a doubt, great sums might have 
been saved on railways already constructed. When 
competing lines are proposed through any dietrict, 
in coming to the determination to give a preference 
to one plan over another, the choice will generally 
"be regulated by the convenience and utility of the 
lioej and that the engineering arrangements present 
no obstacles to the prospect of success. It is of 
importance, therefore, to couflider whether by a 
saviDg of original expense in the formation of the 
line, but attended with perhaps the risk of per- 

Ijnauent ineonveaience in working it, or whether 
a more expensive outlay at first to obtain a level, 
ia the most advantageous plan. 






EFFECT OF BEStSTANCE OF CAEBIAGE8 ON 
RAILWAYS. 



In order to consider this question aright, 
certain facts in reference to the effect of resistance 
of carriageB on railways must be kept in view; for 
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it ia indisputable that with the sjime motar ap- 
plied, the speed is reduced just in proportion to 
the ascent, until the impelling power ceases to be 
be longer available. It has already been re- 
marked that the resisttince of carriage wheels on 
a common roadj from friction and roughness of 
the surface, ia so great that the gravity which 
operates as a constantly retarding force in mo- 
derate Inclines becomes less observable ; whereas 
on the smooth surface of a railway of the beat 
construction, over which the wheels glide, the 
loss of power is so much reduced in amount that 
the lea&t departure from the level makes the full 
force of gi'avity or the weight of the train to bear 
against the inanimate impelling force. A^otwith- 
stauding the science of these times, it may be 
questioned, if the fuU importance of this fact in 
railway formations has been couBidered. But it 
bringa the simple question prominently in view, 
wliether it ia better to take the direct course, 
though more inclined, than to take the longer one 
and keep the level. 

In considering this point, the difference between 
the tractive force exercised on a level and an as- 
cent must be estimated. Engincei's have differed 
in the absolute amount of opposing foi-ce ■which 
carriages on railroads have to overcome before the 
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lOving power is available ; one thing is certain, 
that there is in operation at all times a uniform 
and constantly retarding force, arising from 
gravity, friction on the rails, attrition of the 
axlee, and the action of the wind. On a level 
plane the resistance to the draught or movement 
^kof the train has been estimated at 7 to 8 lbs. per 
^Kon. According to the espcrimente of M. Pam- 
^Bfaour, on the Liverpool and Manchester railway, 
^P8'3 Iba. was the friction per ton, or the 280th 
part of the weight. Mr. If, Wood is inclined 
from his experiments to estimate it about 9 lbs. 
per ton, or the 240th part of the weight. Taking 
^Kthe resistance to be overcome by the motive power 
^wn a level railroad at the lowest estiraate^ 7^ lbs. 
^^per ton, (or nciirly the 300th part of a ton,) for 
every 7 feet of rise in a mile, 3 lbs. per ton would 
be added to the opposing force of traction ; so that 
14 feet of riscj or 1 foot in 3373 would make the 
'amoxmt 6 lbs., and 1 in 300, or 17g feet of rise in 
the mile, would double the resistance to be over- 
come; or add 7g lbs. more weight per ton to be 
pulled; — 35 feet per mile, or 1 in 150, would 
^triple, and 52| feet per mile, or 1 in lOOj 
quadruple, the realatance to be overcome, and so 
Taking therefore the resistance which a 
lin has to overcome on a level plane at the 
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lowest eattraate of from 7 to 8 Iba. per toOj a train 
of 60 tons would require a, power to be exerted 
of 420 or 480 Iba. or 7 x 60, or 8 x 60 ; and keep- 
ing in view the effect of gravity, and tliat a plane 
of 1 foot in 100 adds one ton to the downward 
tendency, the resistance hj gravity on an aacent of 
1 in 50 would be 44*8 Iba. for each ton, and for 
1 in 90, 24-88 lbs. This on 60 tons would amount 
to 1493 lbs. additional power to be drawn, which 
increases the opposing force fronn 60 to 186 tons. 
And should the resistance on a level be taken at 
8 Iba., a load of 112 Ihg., including efirriagcsj on a 
level would oppose to the tractive power 896 lbs. ; 
but ou an inclined plane of 1 in 135, the increase 
from the effect of gravity would be 2686 Iba. 

It necessarily follows that thia increase of re- 
sistance to be overcome on an incline must be at- 
tended with much waste of power: so much so is 
this the case, that it has been estimated that to 
aacend an elevation of 20 feet, or 1 in 264, as much 
power is exerted in one mile in length as would 
draw the same load double the distance. Much loss 
of time must likewise thus obviously arise in work- 
ing up ateep inclinations, even with all the ad- 
vantage a powerful motar can give, without the 
aid of auxiliary power. 

The fact being incontrovertible that every de- 
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parture from tlie level is attended with a greater 
exertion and certain waste of power, and that, to 
overcome it, and to preserve the eame velocity as 
on a levelj powerful assiatance ia required ; in 
determining the formation of a line, the question 
rcsolvcB itself into this, — whether it is better 
to expend this waste of tractive force than to cut 
down or through rocks and fill up valleye, and 
form tunnels and viaducts. So doubt can be 
entertained that saving of expense must be a 
primary object, and there will be little hesitation 
in giving tlie preference to a plan by which any 
expensive works can be saved, and still the eame 
safety of working preserved. The pointj at pre- 
sent, is not the difficulty of ascending steep 
gradients from the great increase of power given 
to the impelling force, aa will be afterwards shown, 
but it is, how far this plan can be prudently car- 
ried. This is a matterj however, that can only 
be determined by the judgment of the engineer 
in the particular route. It ia for his considera- 
tioa how far, for the waste of powerj he can 
avail himself of the counter-balancing effect of 
gravity ; and some estimation should also be made 
of the general purposes of the railway, and rate 
of speed to be adopted. There \s no doubt of 
the faetj for it has been expenmentally ascer^ 
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taincd, that in railways formed with an equalisa- 
tion of aBCeuding and descending planes, the 
compensatory effect has produced the same ex- 
penditure of power, as if the plane had been 
level. This result has heen in. part attributed to 
the diminished reaiatance of the air in going up 
the ascent, but unquestionably it is nearly en- 
tirely the effect of gravity increasing the velocity 
of the descent. It is, therefore, certain that 
railways can be designed to work advantageously 
with a similarity of, or equivalent, gradients, and 
it is a matter of consideration how far this system 
Citn be pushed. 

Beyond a certain point it cannot be carried 
with advantage, wherever the incline has to be 
surmounted by the aid of aiislliary power. To 
the positive waste of power by the force of gravity, 
when off the level, must be added the additional 
expense and inconvenience of working the auxi- 
liary 5 or when the incline cannot be surmounted 
without assistant power, still, if the effect is to 
reduce the size of the trains or the maximum 
load carried on other parts of the road — for the 
weight must be proportioned to the power — or 
to require the unnecessary expense of carrying 
forward over the line a greater tractive force 
than would otherwise be requisite; in both of 
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these coses, the formation of inclines which re- 
quire to be 80 worked, cannot be economical. 
The rule may be therefore laid down, that eo long 
as the degree of inclination does not materially 
reduce the speedj it is of little consequence, and 
it cannot prove of much injury. There h scarcely 
any doubt that the adoption of a general steeper 
ruling gradient throughout a line would, in some 
cases, have been attended with advantages, and 
would be often preferable to descending very pre- 
cipitous inclines to reach a level- The question, 
howeTcr, as to the degree of inchnation which can 
be adopted with prudence and safety cannot be 
properly judged of without taking into consider- 
ation the effect which the descent hae upon the 
carriages, as well as the ascent. This brings into 
view what has been properly termed the angle of 
repose, — ■ which means, when the wheels of a 
carriage will stand upon an incUne without slip- 
ping, or the point where the gravity and friction 
are equal. This angle was long taken at about 
1 foot in 280, or a plane inclining at the rate of 
18 feet 10 inches per mile, if the friction of a ton 
on a level was taken at 8 lbs, ; or, the inclination 
of 1 foot in 320, or 16 feet 6 inches per mile, if 
the friction was taken at 7 lbs. From recent ex- 
perience it appears that the views formerly enter- 
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tainetl of the practical eff'ects of railroads were 
not sufficiently understood ; for though the angle 
of repose may be correctly applied to some car- 
riages, on others it has differed ; for while one 
carriage has been found quiescent on an inclina- 
tion of 1 in 280, one engineer states that he has 
known a carriage to run down an incline of 1 in 
330 at the rate of 4 milea an hour, acquiring a 
velocity of 8 milei. It was also thought that, at 
a speed of 40 miles an hour, the angle of repose 
would be the same as if the speed were different ; 
but it has been found tbatj instead of the angle 
being invariably the same, 1 in 250 or 280, it 
necessarily increases. The velocity acquired by 
a train in descending a plane increases in an equal 
ratio as the resistance of the ascent ; for, accord- 
ing to the laws of inclined planes, the resistance 
or weight increases as the perpendicular height of 
the plane is to its length. Thus is at once per- 
ceived the danger which ia always present In 
going down a rapid descent, and the care and 
attention necessary for safety to regidate a uni- 
form velocity. The importance attached to the 
regulation of this velocity coidd not be over- 
looked, even in arranging the gradients of any 
railway ; hence portions of the lines, at either end, 
called the *' Terminal plane," are uauallj made on 
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a slight ascent to the terminus, to check the velo- 
city of the engine when arriving, and also aid the 
motion of the train when atarting. 




BREAKS. 



Wliere very steep inclines exist on railways, » 
powerful drag or break is requisite to stop the 
carriages in case of an accident ; and often 
very eerious ones have happened under the 
stationary engine eyatem. Many plans of breaks 
have been de\'ised to retard the descent of the 
trains, both on inclines worked by etationary and 
locomotive enginea. Heretofore all these breaks 
have been made to act, whether moved by the 
action of the steam power, or by the hand, on the 
vertical principle- The break, consisting of a 
block of wood bolted to an iron plate fixed to a 
connecting rod, is placed on the inside of the 
outer frame of the carriage, having a single or 
double lever working on a fulcrum, and when the 
handle is prcsBcd outwards or screwed down, the 
connecting rod presses the fsice of the break 
against the carriage wheel. 

Mr. E^ Benton, of Birmingham, baa lately 
taken out a patent for a very powerful and 
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apparently effectual drag, which operates in a 
lateral direction against an independent fulcrum 
purposely prepared on the outside of the lines of 
rails, which, in the opimou of many machinist&, 
is capable of stopping or regulating the progress 
of a train in any cii-curastances, Wliilstj there- 
fore^ a eelf-acting drag is most desirable in railway 
transit, there can be no greater error in the con- 
struction of a rriilway than to have very steep 
inclines, which should require its action, and every 
care ought to be taken to avoid them. 

Among other contrivances, a eelf-aoting drag 
has been proposed by Mr. Thornton. He pro- 
posed a rope to tow the carriageg connected with 
the engine, and that the guard, by means of a con- 
trivance for the purpose, shall cast loose the rope, 
and that no sooner will this take place than the 
break will press on the carriage wheels so as 
shortly to atop the train, 

A good deal of interest was lately, November, 
1845, created in Farrlngdon Street, London, by 
the exhibition of a very simple break, which may 
be applied to the wheels of railway and of com- 
mon carriagesj and of other machinery, stated 
to have the effect of stopping a train (without 
the slightest reference to the speed) almost im- 
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mediately. The patent for it belongs to the 
£ev. Mr. Maberley, of Stowniarket 



RAILWAY GRADIENTS. 

From the jireceding obaerYations an opinion may 
be fonned of the advantages or diaadvantageB at- 
tending the system of adopting steep gradients, 
and of keeping as near as possible to the level and 
straight line. There can be little doubt, the more 
the subject is investigated, that the latter will be 
found the true principle of railway formation, both 
for safety and utility ; and when gradients can. be 
brought not to exceed 16 feet per mile, or 1 foot in 
330, the railway, although at first more expensive, 
will ultimately have the fewest di-awbacks. In 
many cases this cannot be attained j and it ia pro- 
per to state that some engineers have couaidered 
uoakij^g this gradient the maximum not alwaya, 
desirable ; and there are many examples of rail- 
ways which have been successful with steeper gra- 
dients. The North Union railway illustratea the 
saving with which this system can be attended. 
It may be useful to observe the gradients which 
have been adopted on particular lines. For facility 
of arrangement, gi-udients have been divided into 
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headsj under which existing rail way e are simply 
classed. 

Mr. F. Wishaw haa made the following classi- 
fication of railways : — 

let class of gradients, where the minimum 
rising of the line of way is 16 feet per milcj or an 
inclination rising 1 foot in 330. 

2nd class gradients, where the minimum rising 
IB 52-80 feet per mile, or an inclination rising 
1 foot in 100. 

3d class gradients, where the mLaioium rising 
is 88 feet per mile, or an inclination rising 1 foot 
in 60.* 

According to this arrangement, the following 
railways would be classed : — 



* Mr, Wishaw gives the following places in London, bj* 
-whicb the degree of inclination may be j iidged : — Greatest 
rise of Holbom Hill is 1 foot in 14f, and the average rise 
1 foot ia 24, The greatest rise of Blftckfriars Bridge, 1 in 
16J; ditto London Bridge (Surrey side), 1 in 27; upper 
part of City Kood, 1 in 40 feet, or about 128 feet per mile. 
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Length 

of 
Miles. 



NaiDe of tlis Hailwiy, and premiliDg Grsdienti 



56 



31 



Lonion and Birmingham, prevailing gradJent 16 
feet, or 1 in 330, with the exception of the 
inclined plane at Camden Town, 1 in 75, now 
worked with locomotive engines. 

M)<llaiul Counties, gradients 1 in 330, 354, 389, 
420. 

Birmingham antl Derby Junction, no plane 
greater than 1 in 330. 

Great North of England, from 1 in 349 to 1 in 
11,000. 

York nnd North Midland, prevsiling gradient 8 
to 16 feet, or 1 in 6C0 to 1 in 330. 

Great Western, in 11 7| miles, fwith the exception 
of two inclines of 1 in 100, or fi2-8 feet per 
mile, one at Wootton E asset, and another at 
the Box tunnel, both worked by laconiotlve 
engines :} th&re is no gradient steeper than 1 in 
344, or 15-35 feet, and this only for a short 
distance : the prevailing gradient ia only fi.^ 
feet per mile, or about 1 lb 817 : the next gra- 
dient is 6 feet. 

London and Brighton, prevailing gradients 20 
feet, or 1 in 264, itidine ri23 to Meratham, 
to Hcirley 1 in 260. 

LancoBter and Preston, prevailing gradients 
about 10 feet, or 1 in 500. 

South Eaateirn, London and DoveFj prevailing 
gradient about 10 feet, or 1 in 330. 

South Western (London and Southampton), be- 
tween first and second ulasa, prevading gra- 
dient about 21 feet or 1 iu 250. 

Hull and Selby line, undulating gradients l»t 
daas, but some second. 

Dublin and Droghedo, 1 in 267 to 320, 

Edinbargb and Glasgow, prevailing gradient 
1 in 880, with the exception of a very iteep 
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Length 
of 

Miles. 



Name of the Railwa^r, and preraUing Gradieot. 



lat cla»a. 



51 

2d class, 
82 

60 

10 

53 



60 



23 



m 



30 



incline at the tunnel near Glasgow 1 in 43, 
now worked by locomotive enginea. (TtiiB 
railway is one of the moat uniformly level linea 
which has heen made.) 

Glasgow and Ayr, the steepest rise is 1 in 400. 

Glasgow and Greenock, the steepest rise is 1 in 
3B0, at liishoptoD. 

Grand Junction, general gradients good, Ist in- 
cline 1 in 85, 1 In i 00, 1 in 177, 1 in 330. 

Manchester and Leeds, average inclination 1 in 
260, steepest incline 1-1 &2 for 6 miles. 

Manchester and Bultou, iuullnes 1 in 160, 200, 
239, 274. 

Birminghani and Gloucester, the prevailing gra- 
dient about 17i feet per mile, or I in 300 
There are several ascending and descending 
planes of this inclination : the Tory steep in- 
clines at Lickcy, 1 in 37 to 1 in 84, are worked 
by locomotive engines. 

Newcastle and Carlisle, Ist incline 1 in 106, one 
lon^ ascent to summit level EUid descent, 1st 
incline 1 in 176, 21S. 

Stockton and Dwlington, gradients generally 
steep 128, 204, 233, 427, ascending chiefly 
from Stockton, worked by stationary engines, 
inclines 30, 32, 33, and 104. 

Belfast and Portnadown (Ulster Railway), pre- 
vailitig gradient 26-4, or 1 in 200. 

London and Croydon, gradients good, except the 
incline at New Cross, 2if miles to Dartmouth 
Arms, 1 in 100, worked by assistant engines. 

Liverpool and Slanchester comes almost under 
third class : the inclines are 1 m 89, 1 in 93 
1 in 43 : other gratlients good. 

Dublin and Klogeton, the steepest Incline is 1 
in 440. 
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Length 

nf 
Miles. 



Name of the Railway, and iircvailing Gradient, 



3d clnss. 
16 



S miles 



aj- 



Nortli Union, 10 planes inclining at the rate of 
1 in 100. 

Leicester and Swannington, some very steep in- 
clines asceaili;ig and descending 1 in 17, 1 in 
23, worked with fixed enginea ; alao inclines 
of 1 in 147 and 1 in 230, &c. 

Sheffield and Rotherhoui, ruling gradient 1 in 
78. 

Durham and Sunderland, entirely worked by sta- 
tionary engines. 

Edinburgh and Xt-whavon, a steep incline in a 
tunnel 1 in 27'4o, proposed to be worked with 
locomotive Or atmospheric power, second plane 
1-160, third pkne 1-360. 

Canterbury and Whits table, divided into 5 
jjlaues, some of which are indiiiea of I in 31, 
1 in 46, 1 in 50, und are worted with sta- 
tionary engines. 

Maryport and Carlisle, very steep indinea, from 
1 m 27 tit 1 in 97. 

Dundee and Ncivtyle, inclines 1 in 10, 1 in 13, 
and 1 in '2.5, very steep, worked by fixed en- 
gines, and the icvela by locomotivea. 

Edinburgh and Dalkeith, and brandies, second 
clftsa, one hsilf line 1 in 234, branches 1 in 69, 
and 1 in 51 \, incline at tunnel 1 in SO, worked 
by a etationary engine, the rest by Iiorse 
power, 

Brandlinn; Junctitiii, worked by locomotiveSi and 
an inclined plane by Htatiiiuary power, 

Botlon and Leigh, 2 planes 1-30, and 1'49, 
worked with stationary engines, rest of line by 
loconioliveB, 
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The preceding claaaification does not always, 
however, afford a coirect idea of the working of 
the Une : for esample, the Liverpool and Man- 
chester, which comes under the 2d or 3d class, 
has no gradient exceeding 1 in 849, with the ex- 
ception of the two incEnes near KainJiill. In the 
older railwajra in this country, it will be perceived 
the gradients were generally much greater than 
those of later construction : the cau&e of this is ob- 
Ytous, for tliey were made for the use of stationary 
engines, wliich was the only means then known 
to gain the eumrait level. Within a few years 
the stationary system has in many railways been 
disused — for gi-adients wliich were formerly im- 
practicable with any other than fixed power are 
now easily ascended with locomotives — whieh has 
led to the return to the plan of adopting steeper 
gi^ients throughout a line ; and what was for- 
merly termed a stationary engine plane, haa now, 
in many instances, become a locomotive plane. 

Where fixed engines are used, the usual method 
is for the engine at the top of the incline to draw 
up the train or waggon by means of a rope run- 
ning round a drum and cylinder attached to the 
engine, while the return waggons, or descending 
train^ proceeding down by their own gravity, 
carry back the rope. On other lines eelf-actlng 
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planes were used ; or when tlte descending weight 
prcponderatedj the gravity of tlie dcacending car- 
riages drew np the ascending carriagea to the 
apex of the plane — to the pits' mouths. The 
very steep inclines on the Leicester find Swan- 
ningtoQ railway are worked in this manner; 
and chiefly likewiao the planes at the Ballochney 
railway in Scotland. 

The Whitby and Pickering railway, which is 
very tortuous, is worked by horse power, except 
one plane, on which a tank of water mounted on 
wheels is made to descend the steep incline by 
gravity, and to assist the ascent of the trains. 
At Brassleton fixed engine plane, on the Stockton 
and Darlington line, where there are inclines on 
both sides from the summit a single coach 13 
drawn up by a rope attached to a fixed engine, 
and let down by gravity, drawing the rope after 
it. The Clarence railway is worked partly by 
horse power — the trains descending by their 
gravity — the horse returning to the bottom of 
the incline in a stable attached to the trains. The 
Canterbury and Whitstable railway was one of 
the first railways made in the south of England, 
worked bv stationary and locomotive power. The 
first act was obtained in 1825: but it was not 
constructed till 1830. The fixed engine^ of 25 
Z.9 
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horse power, on Tyler Hillj ao inclme of 1 in 48j 
will raise 35 tons at the rate of 7j milca per hour. 
The inclinations on this railroad vary from 1 in 
31 to 1 in 50. The steep inclinea on the Dundee 
and Newtyle railway arc also worked by sta- 
tionary engines in a similar manner ; and on the 
Edinburgh and Dalkeith railway, for which an 
act was obtained so late as 1826, an incline of 
1 in 30, is worked by a Btationary engine, the 
descending carriages carrying down the rope ; 
the rest of the line ia worked with horaes. 
Various other railways unneceaeary to mention 
are worked by means of stationary engineis 
throughout the whole or part of the line. The 
Durham and Sunderland, 13 miles in length, is 
entirely worked by fixed engines. It consists of 
8 planes, Tarying in inclination from 1 in 60, to 
1 in 264. The power of the engines is from 43 
to 85 horses. 



CUETES ON THE LINE OP RAILWAY, 



some raihvays in this country are almost en- 
tirely curvilinear, as the Newcastle and Carlisle 
railway, ah'cady noticed, which ia one continuous 
series of curves and recurves of short radii. Hail- 
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■wsiys on this plan are not again likelj to be con- 
Btructed, Several of tlie curves are about twenty 
chaing, or a quarter of a mile radius. When 
curves are at all quicks tkey not only limit the 
epeed of tlie englnea, from the tendency of the 
wheels to pursue a direct course, but even should 
they be of large radu, every one muat be aware 
that the probability of the carriage wheels not 
being thrown from the rails, in taking the curve^ 
wiU depend much on the rate of velocity at which 
it ia taken. The oaciUation and jolting of the 
carriage is considerably increased as the carriages 
take the cun^e ; and so much so is this the fact 
on all railways, that a person without looking 
can tell the diifcrenee of motions in the carriage. 
Suppose that the carriage has a descent before it 
reaches the curvej such is the increase of momen- 
tum given to it, that the tendency it has to go 
in a straight-forward course, or in a tangential 
directiouj is increased ; and, although the engine 
be partially slowed, every carriage comes full 
upon the engine at the time it hag taken the 
curve in a direct line onward. The safety will 
therefore depend on the flauch of the fore wheel, 
and the weight of the can-iages on the raUs. From 
the kteml strain given to the outer rail, if it 
were the least imperfect, or to swerve, or if any 
I. a 
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yielding Tvere to take place — should the least in- 
equality of surface exist, or any impediment pre- 
sent itself In this daDgerous position, the wheek 
by the rocking and twisting of the carriages, as 
may be seen by looking along the liue of the car- 
riages, would easily be thrown off the rails. 

Curves of Bhort radii have been too often per- 
mitted to be made ; indeed the Board of Trade 
does not require companies to state any curve of 
a leas radius than a quarter of a mile : but there 
can bo no doubt entertained by any person who 
will investigate the subject, that ao long aa i-ail- 
ways are used for great apeed, a curve even of a 
mile may be attended with danger, which is ten- 
fold increased if allowed to exist at the base even 
of a moderate descent ; for the curve, added to the 
ascent, increases the resistance so much, that a 
curve of three quarters of a mile in radius, on a rise 
of 1 in 330, will reduce the speed to about one 
half. Many accidents have proceeded from curves 
at the base of the descent, when the high velocities 
are considered at which tmins now run. 

In an accident lately on the Eastern Counties 
railway, one witness, who was stunding cloae to 
the line when the train passed, and could easily 
perceive its action, speaks distinctly to the great 
oscillation or rocking motion of the carriages aa 
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they took a curve at the foot of a moderate in- 
cline, where the rate of speed m admitted to 
be 30 milea an hour; and although the engi- 
neer states " that thia curve of a mile radius, or 
48,1000th of an inch in 10 feet each way, and 
taking the curve and incline together, the latter 
being only 1 in 151," he conceived that a train 
might travel on it with safety at the rate of 35 
or 40 niiles an hour ; and he therefore did not 
ascribe the engine and carriages being thrown off 
the line to the curve, or increased momentum ; 
but in his opinion it was much raore likely to 
have arisen from the irregularity of the raila. 
Any one who reflects for one moment on the 
action of the wheela on the rails, when coming 
down an incline of 1 in 150, at the rate of 30 miles 
an hour, can, however, be at no loss to account for 
the aocident; more especially if the least defect 
existed in the shape of the flanch of the engine 
wheela. Prudence and common sense should 
however point out that though an incline and 
curve may often be taken with safety at great 
speed, still it never can be so without great risk, 
and it sliould be imperative at every curve, even 
of large radii, to slow the engine. 

Some engineers put great faith in the adapta- 

L 4 
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t]OQ of the wheels of the carriages to suit the 
curvesj and there is no doubt, were the tire of 
the wheel not arranged for curvilinear railways, 
the carriages would be constantly liable to be 
thrown off the lines : but too much reliance ought 
not to be placed in those contrivances, which have 
been previously noticed, such as giving a certain 
degree of elevation to the outer rail, varying with 
the radius of the curvature, or altering the trans- 
verse level, 60 as to produce upon, the carriages a 
gravitating force towards the centre of the curve, 
to countci'act and be equal to that of the centri- 
fugal force outwards. Tables have been given by 
M. Pambour and other engineers of the eleva- 
tions necessary to be given the outaidc rails, 
which arc greatly contingent on the rate of velocity 
at which the carriages run : for exam]>lej with 
wheels three feet In diameterj the gauge of rails 
4 ft. 8^ in. ; play of the wheels between the 
rails one inch ; and the incHnationa of the tire 
equal to | of its breadth, or about ^ inch to 
3 J inches; a curve nearly one mile radius; 
speed of carriage 30 miles an hour ; the eleva- 
tion of the outer rail would require to be "60 
parts of an inch, while at 20 miles it would be 
"26, Supposing the curve | mile radius, at 
30 miles speed, it would be about -83 ', at 20 
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miles "36 ; — a curve of | milcj at 30 miles, 
1-38; and at SO mike -59; and 2000 feet, at 
30 mileBj 1*65; and at 20 mikf*, '71 ; and so 0% 
increasing the eleTationa of the outer rail as the 
curve is increased. 

Other precautions are made for curves, which 
are proportioning the degree of the cone of the 
wheel to them, and inclining the rail that it may 
receive the wheel fully on ita bearing surface, 
and taking care that the play of axles should 
be. as little as possible, to avoid injuring the 
effect from the cone. From such provisions 
as thesBj to a considci-able extent, the danger 
of taking a curve at a rapid speed ia avoided. 
Without these arrangements the tendency of the 
wheels would be to drag or press against the 
outer rail, and from the slight hold they would 
have when the wheels were going round, the least 
jerk woidd upset the carriages or throw them off 
the rails. By due adjustment of the conical tire 
and flanch of the wheek, it is supposed that they 
can run in a circle of 595 feet radius without the 
flanches touching the rail. No doubt much may 
be done on curves by accurate adjustment, to 
adapt the carriages for speed in transit. For- 
tunately, however, curves of short radius are not 
now admissible on railways, or it might happen 
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that the result of theory, instead of practice, 
might lead to niany casualties. 

TfYhere double curves exist on raUways, as a 
curve and recurve, the radii should be made in 
common prudence larger than for a single curve. 
The curves at the London and Birmingham rail- 
way, between Euaton Square station and Camden 
Town, and Kilburn, afford examples of curves of 
both kinds j ou these the radius is not more tliau 
is absolutely necessary for safety, and too small 
for great velocity. In the different railways in 
this country curves of various radii will be found. 
The curvature is now very properly made much 
larger than in the early railways ; but BtUl the 
radius of the curve might be advantageously in- 
creased ; one mile radius ehoidd be the minimum 
on every railway for locomotive engines, 

A few examples of the radius of curvaturo of 
railways may be given. On the Ballochiiey rail- 
way the mdiua of curvature is only 10 chains, 
and in, the Dalkeith and Edinburgh railway the 
curves are from 600 to 1200 feet, all leas than 
a quarter of a mile, and some not an eighth of a 
mile; on the Dundee and Newtyle the curves are 
about 500 feet. 
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RAILWAYS FOR LOCOMOTIVE ENGOfES. 

Liverpool and MaDchester, least curvature 13 eliains. 
Loadon and Birmiiigiiam, worst curve at Chalk Farxu, 600 

yards, nearly ^ of a mile radius. 
Manthestcr and Leeds, curvilinear one, 1322 yarda, 60 

chains, or ^ of a. mile. 
Birmingliam and Gloucester, 1760 yjirda, 80 chains, or 1 mile. 
North Eastern, I curve, 51 chains, about |^ of a mile. 

another, 100 chains 1^ mile. 
North Midland, curve and recurving, 80 chains, or 1 mile. 
Lancaster and Prcfiton, 20 chains, -^ mile. 
York and North Midland, curvilinear least radiua 55 chaing, 

above | of a mile. 
South Eastern, (Dover) near Beigate, 60 chains, or f of a 

mile. 
Edinburgh and GlMgoiv, 40 chains, J mile. 
Glasgow and Ayr, nearly 80 chains, 1 mile. 
Glasgow and Paisley, 40 chains, ^ mile, 
Newcastle and Carlisle, several curvea at 20 chains, or a 

;^ of a niUe. 
Newcastle and North Shields, 40 chains, ^ mile. 
Stockton and Darlington, 20 chains, -J mile. 
Stockton and Hartlepool, SO chains, ^ mile. 4l 

Slamanan railway, 12 curves from 20 to 80 chains, a ^ to 1 

mile. 
Leeds and Selhy, minimum curvature, 40 chains, ^ mile. 
Belfast and Portnadown, or Ulster railway, 40 chains, ^ 

mile. 

From the preceding esamplea it may lie ob- 
served that no generat rule has been atlopted m 
arranging the curvature, but on recent railways 
few curves of small radiua have been made, and 
in future it is not probable they will be penuitted. 
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From what has been statedj when curves exist 
on railways, it must be obvious their safety de- 
pends entirely upon the proper adjustment of 
levels of the rails ; the rate of speed they are 
passed over, and the construction of the tire and 
flanch of the wheel. 



FOBMATION OF THE HOAD. 



Before a railway act can be obtained^ by a 

Btanding order of Parliament, not merely are the 
sections of a proposed line requlredj but detailed 
plans showing the extent of land to be taken, 
and the names of the owner, lessee, and occupier 
of every piece of land likely to be interfered with. 
The section or profile of the country must 
show the elevations and depressiona distinctly 
marked from a base line taken from the lowest 
terminus ; vertical lines show the changes of in- 
clination; and straight line?, drawn from point 
to point, ebow the line of railway. As the plans 
and notices of the intention to apply for an act 
must be deposited some months before the intro- 
duction of the bill into Parliament, and also a 
copy with the clerks of the peace in every county 
through which the railway passea, and a aum equal 
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10 per cent, of the subscribed capital must 
be depoeited with the accountant-general prior 
to the presentation of the petition for the bill, 
there is time for considering the details of 
the bill ; but as tlie preliminary point of the 
extent of land cannot be altered without serving 
freah noticea, the necessity of a thorough know- 
ledge, before the bill is introduced, of the traffic 
and purposes to which the railway is expected 
be generally applicable, must be at once 
apparent. Nothing more fully proves the neces- 
sity of eucli considerations than to look to the 
enormous expense which has been entailed on 
railway companies, not merely for the first bill, 
but for a succession of amended bills, some rail- 
way companies having as many as four or five 
acts, and almost every company more than one ; 
there were five acts obtained for the Liverpool 
and Manchester in a few years, 1826j 1827, 1829, 
1832, 1837. When an act is eon tested the ex- 
pense la well kuowu to be enormous: the first 
'act of the London and Binolngham Railway 
Company cost 72,000/., and the Great Western 
88,000/. The London and Brighton cost, with 
a contest of fifty day.'!, 50,000?. 

These facts show the necessity of the pro- 
moters of railways avoiding crude propositions. 
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and of fixing on precise data in arranging the 
undertaking ; and notliing is more iinportent, as 
a preliminary point, than fixing the width of 
road and extent of land between tlie fencing, as 
on this will depend the width of bridges, viaducts, 
and tunnelsj which cannot be altered. Another 
prGliminary point is the operation of levelling,* 
which requires to be conducted with the utmost 
accm*acj. Aa on the sections of the levels de- 
pend the calculations upon which the estimated 
cost of the railway is made up, should these be 
incorrect, the measurement of earth-works, in- 
clination of planes, and total amount, must each 
be erroneous. Engineere, to avoid mistakes of 
thb kindj are careful in checking the results. 



WIDTH BETWEEN THE TWO LINES OP BAILS. 
SPACES OUTSIDE OF THE RAILS. 

The important point of the gauge or width 
between the rails having been determined for a 
double line of way — supposing it to be the nar- 
row gaugCj 4 feet 8 J inches— the next thing is 



* The beautiful instruments now in use have greatly 
faeititated the taking of levels ; and by ilie reading-off 
Btafi* a person levelling h enabled to view the heights oa 
the staff at a. considerable distance. 
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to consider the proper space to allow between the 
two tracks or lines of way. On some of the old 
railways it was very iTarrow, and made about the 
same width as the gauge of the rails — at the 
Glasgow and Gramkirk, the gauge is 4 feet 
6 inches, and the space. 4 feet 10 inches. The 
intermediate space, however, differs much on 
different lines. The intermediate space on the 
Liverpool and Manchester railway is 5 feet 
8 inches, and on the London and Birmingham 
railway 6 feet; and experience has shown that 
this width is not more than is absolutely required 
for convenience and safety, for several accidents 
have occurred from articles projecting in one 
carriage having come in contact with the car- 
riages on the other line. 

On the London and Brighton, London and 
Southampton, the Greenwich, Manchester and 
Birmingham, Midland Counties, and other rail- 
ways, the intermediate space is 6 feet 5 inches. 
On the Edinbui^h and Glasgow, and North 
Briti^ it is 6 feet. On the Leeds and Selby, 
and the Dublin and Kingston, it is about 7 feet 
4 inches. On the Ulster railway, with a medium 
gauge, it is 6 feet 4 inches; and on the Great 
West^:Ti, with the broad gauge, it is only 6 feet 
6 inches. On the Newcastle and Carlisle it is 
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6 feet 1^ inch; oil the Belgian Kail ways, 6 feet 
6 inches. 

The proper width of the side spaces on each 
side of the railway tracks Yaries in a similar 
manner, according to the particular views of 
partieSj and from local circumstances. What 
should be looked to in forming an embankment is 
the security to give firraneaa to the blocks and 
sleepers, and the stability of the rails. Some 
engineers have stated, and amongst others Mr, N, 
Wood, that 4 feet outside of the rails, even on 
high embankmcntSj is sufficient for safety; for 
the reasonj that he considers the general im- 
pression is erroneous, that an engine will run 
over the side of the embankment and drag the 
carriage after it ; whereas, in liis opinion, when 
the engine nms off the rails its speed is imiae- 
diatcly diminished ; but there being no check to 
the carriage wheels still upon the rails, their 
inertia ivill carry tliem forward against the 
engine, pressing it, until the train is stopped. He 
therefore thinks, that if the width on the outside 
of the rails be sufficient when one wheel is within 
the rail to retain the other on the embankment, 
the triiin could not run over it. 

It must, however, be obvious, that this opinion 
is hypothetical ; for experience has shown a dif- 
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ferent result. Not only have engines frequently 
run off the lines drawing carriages after them 
over embankments, but in general the safety of 
the carriages haa resulted from the breaklug of 
the draw-bar, which connected them with the 
engine, instead of the result being that the car- 
riages would push forward the engine, which had 
run off the rails, till it stopped. However much 
it may be an object to keep down the expense 
of railway formation, this surely should never be 
a primary object to public companies, when the 
safety of thousands is concerned. No point can, 
therefore, be of more paramount importance than 
making the spaces outside of the rails of sufficient 
widtli to give an embankment stability both in 
reality and appearauce. For nothing can create 
more well-grounded alarm to the traveller than 
passing over a high embankment with the cai-riage 
running close to the edge, or passing through a 
deep cutting, or a tunnel, or under a bridge, or 
over a, viaduct, when one iidc of the eai-riage is 
almost touching the walls, 

Wben a railway is curvilinear, as the Tfewcsistle 
and Carlisle railway, a greater width should 
likewise be given to the embankment ; for an 
ample space outside of the rails gives a general 
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aspect of security highly desirable to be adopted 
on railways where steam is the tractive power. 

On the Liverpool and Manchester, the outside 
spaces are 5 feet 6 inches ; on the London and 
Birmingham and Grand Junction railwayj 5 feet 
at the levels, 3 feet at the stations ; and on the 
London and Croydon and Brighton, 8 feet ; 
which cannot be deemed more than sufficient for 
any railway using locomotive engines. On the 
Eastern Counties (Colchester line), the side spacea 
are 6 feet 9 inches ; on the Edinhurgh and Glas- 
gowj and Glasgow and Ayr, 7 feet ; Dublin and 
KingstOHj 6 feet 7 inches j Belfast and Portna- 
down, 7 feet 2 inches ; North Eastern, 5 feet ; 
Newcastle and Carlislej 5 feet 3 inches; North 
British, 7 feet. 

On most railways the side spaces average from 
5 to 6 feet ; but where rapid speed is adopted, 6 
or 7 feet is not more than is necessary. These 
spacea of course vary In width at particular places, 
such as in passing viaducts, bridges, tunnels, and 
stations, being diminished about three feet, which 
is about the width of each of the side spaces on 
the Greenwich railway. 



WIDTH OF THE ROADWAY. 



163 



WIDTH OF THE BOADWAT ■ 
LEVEL, 



THE FOIUttATIOIf 



In the construction of railways the width of 
the roadway is a point of preliminary arrange- 
ment. And difference of opinion naturally 
enough arises on thia as well as on other pointa 
of railway practice, although the general mode 
of formation does not widely differ. From an 
interesting account given by Dr. Anderson from 
the communicationa of Mr. WUkee, near Lough- 
borough, to the Society of Arts, ahout 30 years 
ago, it appears that the manner in which rail- 
ways Avere then constructed evinces in all the 
essential points of earth works a considerable de- 
gree of perfection, although at that time horses 
were the only motive power, and many of the 
roads only a single line of way. 

In a railway as now constructedj the level of 
the earth works, when completedj is called the 
formation level (c d, fig. 45.); it forms the bed 
in cuttings, levels, and tops of embankments, on 
which the railway is to be made, and ia the 
point which regulates the other arrangements 5 
for of course it will be made to suit the gauge 
fixed on, and the other spaces, and is commonly 

M 2 
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from 26 to 33 feet, 28 feet being a common width 
for a narrow gauge line. 

For example, the London and Birmlngliam and 
Grand Junction railways are between the side 
cuttinga of drains 30 feet, and the width of road at 
the level of tlie rails i3 26 feet 2 inchea ; Eastern 
Counties, width at top of embaukmentSj 30 feet ; 
Birmingham and Gloucester, 28 to 30 feet ; Lon- 
don and BrightoHj top width of cmbankmentfij 33 
feet; Liverpool and Manchester, width of way, 
25 feet 7 inches ; Edinburgh and Glasgow, top 
width of embankments, 33 feet; width of cuttinga 
from side drain to aide drain, 30 feet ; Xorth 
British railway, now making, about the same; 
Great "Western, about 34 feet- 

Supposing the measufsover each track of raUa 
tn be 5 feet 1 inchj being a 4 feet 8it jocli 
gauge, the two tracks - . . 

The intermediate apace to be 

And each outside space to be 6 feet - 



10 ft, 2 m. 
6 ft. 
13 ft. 



4 



The entire width of tosA at level of t'ke nula 

will be - - - - - 28 ft. 2 in. 

And if this road be carried through a level cut- 
ting, width of two slopes, for the thickness of 
the way, each - - - - 4 ft,. 

And allowing l^ feet at each aide for drains - 3 ft. 



as ft. 2 iu, 
will be the width over the drains between a and 
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h {Jfff. 44.), or should the side spaces be 5 feet 
each, the width will be 33 feet 2 iuchesj and the 
width of the road at the level of the railg, or top 
of baUasting, 28 feet 2 inchesj and 26 feet 2 
inches respectively. The figure represents a sec- 
tion of the roadway and drainsj ahowing the rails 
laid on stone blocks- 







FSg. 44. 

On embankmenta there will be 3 feet less for 
drains, reducing the width (with 6 feet side spaces) 
to 32 feet 2 inches between c and di^Jig. 45.), which 




Fij. 45. 



18 a section of the top of an embankment, show- 
ing part of the rails laid with cross sleepers and 
part on stone blocks : the slope is continued 
downward according to the height of the embank- 
ment. 

Sometimes side mounds are raised 2 feet high 
at the edge of embankments above the road level, 
as a defence against carriages gotng over. This 



plan la not in general use, and their utility i 
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doubtful in affording effectual resistance against 
carriages haviug anj^ momentum. Wbere tbese 
mounds are adopted, the width of the formation 
level will require to be increased 2 feet on each 
sidcj making the width, with 6 feet side epaces, 
36 feet 2 inches, where the slope is an angle of 
45", or 1 to 1 ; or where the slope is Ig- to 1, it 
will be 38 feet 2 inches. 



THE WIDTfl OF LAND, AND ANGLE OP 
SLOPES. 

The slopes to be given to cuttings and embank- 
meats are regulated in a great measure by their 
height and depth, and the nature of the soil. The 
width of land to be enclosed will vary according 
to the locality. It is of vast importance, however, 
not to be limited in quantity^ and to give easy 
slopes — every object being directed to the main 
point of artificial road-making, the attainment of 
perfect solidity. The quantity of land taken by 
different railway companies must necesearity vary 
considerably. On the London and Brighton rail- 
way the width of land enclosed is about 72 feet; 
London and Southwestern, 69 feet; Bristol and 
Exeter, 64 feet 6 inches. 

It is obviona, however, that in high embank- 
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menta and in loose cuttiDgi, where considerable 
elope is required, the extent of land must be 
much greater than when a railway m made through 
a flat country, as many of the railways round 
London are, where tbe proportion of expense per 
mile would differ very materially. 

It has been the practice in making eaicavationfl 
through sand, gravel, or loose materials, to make 
the slope one perpendicular to one and a half 
horizontal; and embankments have been made 
the same elope, on the supposition that the nra- 
terials will require the same angle to stand at in 
both cases. 

When excavations are made through solid 
rocks it is desirable, in order to eave expense, to 
reduce the width of the railway as far aa is prac- 
ticable with safety, and longitudinal drains are cut 
at the base of the rock to carry off the surface 
water, and when no incline exists it is pumped off. 

The angle of slope of such rock cuttings is, of 
course, determined by the nature of the strata, 
whether compact or friable. In the basaltic or 
whinstone cuttinga, on the Edinburgh and Glas- 
gow and Greenock railways, the walls in many 
places arc quite perpendicular. In chalk fonn- 
ntion ctittings, on many of the lines in England, 
the angle of inclmation in some ia very obtuse ; 
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on otherSj leas so. Chalk will generally stand from 
nearly vertical to an angle of 45°. In solid chalk 
the slopes can be effected at ^ to 1, or for 1 yard 
in height the cutting inclines 6 inches. On the 
Great Western railway, near Bathj some of the 
cuttings are perpendicular. 

The Hand excavations through the Cowran 
Hills, on the Newcastle and Carlisle railway, are 
made with a slope of 1^ to 1. 

It is the practice on all modem railways to 
cover the slopes of cmbantments with a layer of 
soil, and to sow these with grass, the sod being a 
preservative to the bank. 

In many districts, where itone ia plentifulj or 
where there has been an excess of cutting, as in 
the Scotch railways, aide walla of stone arc used 
as fencing to retain the sides of embankments. 
- The materials used for fencing of railways of 
course mustj in a great measure, be regulated 
according to the locality. Timber, us being more 
easily obtained in most parts of England than 
stone, ia almost generally used there for fencing ; 
and in some places ditches are adopted. There 
is little doubt that no point connected with 
the safety of railways ia more important than a 
thorough system of secure fencing, to keep cattle 
from straying npon the rails, so many accidents 
having arisen from it. 
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EARTH WORKS. 

The enormous earth euttings and filling up of 
emljankmenta, which are seen on many of the 
railways in this country, may well excite astonish- 
ment as the works of a few recent years. It is 
calculated that 16,000,000 cubic yards of material 
were removed on the London and Birmingham 
line. The excavation of Mount Olive on the 
Liverpool and Manchester line, the sides of which 
are perpendicular, was effected by the removal of 
480,000 cubic yards of sandstone rock. The 
average amount of earth work on some railwaye 
has been about 150,000 cubic yards per mile. 
The depth of cuttings is frequently very great, on 
BOmc lines from 50 to 70 feet ; and a sand excava- 
tion on the Newcastle and Carlisle railway is 
110 feet deep. The cutting at Blisworth, on the 
London and Bimiingham railway, 50 miles from 
London, is considered a good example of engineer- 
ing skill overcoming natural diiEcultiee. The 
cutting is about 60 feet deep, through strata, the 
upper portion of which ia rock and the lower 
looser matter. If the slope of the cutting liad 
been extended to overcome the lower strata, 
it necessarily incurred the labour and expense of 
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removing the rock above it ; instead of which the 
rock has been underbuilt, and the aides of tie 
cuttings are nearly perpendicular. The eame clever 
plan haa been adopted on many other lines. On 
the Bame railway, from the Euston station to 
Camden Town, where a considerable cutting 
exists, from the nature of the soil, a elope of 1}, 
or 2 to 1, would have been necessary, taking up 
much valuable building-ground ; to get the better 
of which, a work of great magnitude is executed — 
retaining brick walls are built^ 3 feet llj inches 
tliick at bottom, and 2 feet 7 inches at top. The 
width between the walls is 56 feet, and they are 
securely bound with strong iron tiesj or beamsj 
extending across the railway, and contre-forts, or 
piera, are placed at intcrvala, to sustain the pres- 
sure of the soil, varying in height from 19 feet, 
according to the ground. The face of each wall 
is curved, the radius being about 60°. The whole 
length of the wall ig about 2200 yards. 

The quantity of material which can be re- 
moved in cuttings and formations of embank- 
ments must necessarily vary with the material: 
it haSj however, been estimated, that about250,000 
cubic yards is the greatest amount which can be 
teamed over an embankment in one year; but 
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much will depend on the meana employed. The 
soil is usually dtipoaited in layers, 2 or 3 feet in 
thickness, slightly concave, in order that one layer 
may acquire some firmness before another is laid 
upon it. It is well known that embankments are 
commonly formed from the excavationa ; but 
when aoil cannot thus be obtainedj side cuttings 
are liad recourse to, and the extent of the lead (or 
the distance the waggons have to go to be filled 
or emptied) is important, as respects both time 
and convenience. The formation of embankments 
and cuttings are therefore carried on simultane- 
ously ; and it is of conse<^uence in railway con- 
struction, for economy in purchasing land, that 
these, if possible, should be nearly balanced; 
otherwise, when a surplus cutting proceeds, a 
mound of earth, called the apoil bank, must be 
formed, over which the material is thrown. These 
banks, if made with an easy slope, may be culti- 
vated. Tlie embankment near the Sanky viaduct, 
on the Liverpool and Manchester railway, was 
partly formed of a side cutting. On the same 
railway the Broad Green embankment, nearly 3 
miles in length, measures 135 at base and 60 feet 
at top in breadth, and is about 30 feet high ; the 
total material laid down was 550,000 cubical 
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yarde. On tlae Clarence railway, near DurLam, 
some of tbe bigWt embankments in the country 
exist. 

The following data shows the immense increase 
of the bulk of an embankment by augmenting the 
slopes. An embankment 30 feet high, 66 feet in 
length, with slopes of | to Ij and the top of 
, embankment 33 feet in width, contains 4070 cubic 
yards; with alopea 1 to 1, 4620 ditto; at 1|^ to 
1, 5871 ditto; and with slopea, 2 to 1, 6820 
ditto. 
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When the road, if a cutting, has been finished, 
or if an embankment, conaohdatcd, it is brought 
to the proper level longitudinally, and also is 
levelled transversely, or it is made a little conveXj 
about tliree or four inches, towards the middle, 
that the water may fall towards the ditches. But 
as the general material which forms the foundation 
of the railway consists of earth and clay, it is 
necessary to cover it with some more open sub- 
stance, through which the water may penetrate^ 
and the blocks and sleepers niay rest on a solid 
bed and be kept dry ; for in some railways the 
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sleepers have gone to decay, probably from tke 
dampness of the Bubsti-ata. 

The operation of coating the road is effected 
by overlaying it with what is termed ballasting, 
consiating of a layer of stonca broken in Bniall 
pieces, like road metal. The ballasting varies ac- 
cording to the locality : sometimes it is granite, 
basalt, or whinatonc ; at other times sandstone 
or flint ; and gravel is much used in many places, 
as easily obtained. This coating is spread on the 
cutting or embankment from 18 to 24 inches in 
thickness^ according to the material of which the 
road is formed. Smaller si/ed stones or gravel are 
laid for the immediate bedding of the blocks and 
sleepers on their being packed round with any 
uniting material. The whole line of road is made 
up near to the level of the rails, or about 3 inches 
above the tops of the blocks, the thickness 
being usually, when completed, about two feet 
from the line of formation of the railway to the 
surface. The width the ballasting is laid upon 
the road, will vary with the railway : on some it 
is made the same width as the top of the embank- 
ment ; on others it is kept a foot or two narrower. 
The width of the ballasting on the London and 
Birmingham, Edinburgh and Glaagow, and North 
British railways is from 26 to 28 feet, and ^on^ 
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18 to 24 inclies in thickness. It is neceseaty 
before the line of road is coated, that the entire 
Euhsidence of embankments shall have taken place, 
as any yielding aftenvards is necessarily attended 
not only with danger but inconTenience. It is 
customary, therefore, in newly-made embank- 
ments, in which there is generally a tendency to 
filip in wet weather, to keep them rather higher 
than they are ultimately to be ; and when the 
material ia unfavourable to give them a conBider- 
ahle slope, the provision required for subaidenee 
shows the imprudence in forcing on embankment.a 
with some soils too hurriedly ; as the thorough 
consolidation of the earth of a railway is the only 
security againat cagualtieaj their hasty form- 
ation increases their liability to slip. Although 
the practice is to travel with caution over newly- 
made embankments, and for the rails to be laid 
in such a. manner as to diminish as much as 
possible the risk, still from the sinking of the 
blocks or sleepers, and the constant packing these 
re<juire, in spite of any precautions, the liabilities 
to accidents from these causes exist, and show the 
necessity of circumspection. 

When the railway passes through fenny or 
mossy districts, from the soft and spongy or 
yielding nature of the boU, the dangef increases. 
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In fonning the road through euch a locality, the 
labour and care is tenfold increased ; for the sur^ 
face will often sink under the superincumbent 
mass, and the ground at the sides be forced up. 
Much can be effected, indeed, by a proper and 
judicious system of drainage. The extensive 
nature of the drainage required in passing through 
marshy districts has been exemplified on several 
railroads ; and on one line, the Northern and 
Eastern Counties, the engineer, in order to check 
the imequal settlement of the embankment, and 
to bind the earth together, had recourse to in> 
serting a frame-work of timber. 

The mode of passing the Chat Moss on the 
Liverpool and Manchester line as a work of 
engineering difficulty, requiring much skill, has 
not been excelled, perhaps, on any other line. 
The moss, &om 10 to 30 feet in depth, is 
soft and spongy ; it extends to about 12 square 
miles ; the railway is carried over it 4^ miles, at 
some parts under and at others above the level of 
the moss, so that both embanking and cutting 
were required through it. As the materials laid 
down for an embankment about 4 feet high 
gradually sunk, it became impossible to use either 
day or gravel Recourse was therefore had to 
the mops itself for the fonnii^ of the embank- 
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ment, which, from its less specific gravityj would 
oot be so liable to sink ; and hj cutting drains 
every 5 yards apart, and laying the moBH diy 
between the drainsj it formed an excellent ma- 
terial for the embankment, requii'ing only 4 or 5 
times the (Quantity which would have been used 
on solid ground. In forming the road on the 
surface of the moss, drains were first cut on each 
aide of the line and lateral onea to carry off the 
water, and by this meana the surface acquired 
tenacity and consolidation. Upon this hurdlea, 
9 feet broad, wickered with heath, were laid 
transversely ; on some parts one^ and on others two 
layers of hurdles were laid. Upon these were 
placed two feet of ballast or gravel, to foi*m the 
permanent road, and on which the wooden sleepers 
for the rails were bedded. Mosses and swamps on 
other lines of railway have been passed in a simi^ 
lar manner, and soraetimea longitudinal siUa have 
been laid along the transverse sleepers. 
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In general the drainage of a railway on the 
embankments iu sufficiently eflFeeted, when a good 
coating of open ballasting can be obtained. Thia 
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will keep the road dry, and the blocks and sleep* 
ers cfFcptiially free from water. T\T2cre a good 
coating cannot be obtuined, or where the width 
of the road is great, and the least doubt exists as 
to the consolidation of the road, a different mode 
of drainage muat be adopted, especially in coun- 
tries exposed to heavy floods of rain. On gome 
railways, surface drains are formed under the mid- 
dle of each of the transverse timbers, as may be 
seen on the Great Western. On other linesj as 
the London and Birmingbara, these surface drains 
are made at intervals, to run transversely across 
the road, passing under the rails, as may be seen 
at Primrose Hill. On some places a stone or 
brick drain, of from 4 to 6 inches sqnare, is 
ciirricd along the middle of the line, with cross 
drains at intervals, nmning from it into the side 
ditches (« l^,^ff. 44). Sometimes drains are formed 
on the face of embankments for this purpose. 
The formation of these drains is a mere matter of 
engineering arrangement, depending on local cir- 
cumstances, as material of dcpositj or nature of 
subsoil, and excavations. 

On some railways, parallel to the tops of tho 
cuttings, open drains have been madtj, to prevent 
the water running down the slopes. Tile drains 
or wood troughs have been advantageously used 
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for this purpose. Retaining walls have also 
r'been driiiiied with clay pipes, laid obliquely in 
trenclies, opening through the wall, which haa 
tended to their preservation. This plan of drain- 
age has been apiplied to the retaining walls on 
the Croydon Railway ; they are built in during 
the work ; and also to the walls of the Euston 
Square incline on the London and Birmingham 
railway, which wais suffering from the lodgment 
of water and consequent pressure. The wall wag 
bored through in seTCral places, into which holes 
iron pipes, about 3 inches in diameter in 4 feet 
lengths, were inserted 16 feet deep. The bank 
on the same railway, which was in a precarious 
state from want of drainage, between Chalk Farm 
bridge and Primrose Hill tunnel^ has been euc- 
cesafully drained by means of pipes laid in de- 
scending trenches ; more than. 2600 feet of pipe 
have been employed. 

In surface cuttings and excavations the drain- 
age is very simply managed, iihen there is any 
declivity, aa shown injig^ 44, page 165., when one 
half of a foot on each aide of the fomiation level will 
generally be found suflScient, although the exact 
eizc of the drain must obviously be regulated by 
the quantity of water which will be required to 
be carried away. 
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EETAJNING WALLS. 

The immense extent of masonry antt brickwork 
which 13 required in tlie erections upon almost 
every railway necessarily greatl}'- enliauces the 
cost, ' On some lines, where the road has been 
formed on the fiea coast, or on the aide of a steep 
hill, one side of the embankment has to be 
supjiorted by a sustaining or revetement wall. 
These expensive works occnr on many railM-ays. 
An extensive sea-wall of this description has been 
erected at Granton, on the Edinburgh and New- 
haven railway. Similar constructions occur on 
the Dublin and Kingston Railway, where an em- 
bankment at Blackrock is made with culverts, 
through which the sea passes at high water. On 
the South-Eastern RaUway a strong revetement 
wall exposed to the aea is carried along the face 
of the Dover cliffs. On the Preston and Wyre 
Railway there is an extensive embankment, with 
a wall to the sea. On the Stockton and Hartle- 
pool Railway an embankment has been formed, 
made of clay, puddleil, and curved to resist the 
action of the sea. On some railways,, in order to 
lessen the extent which the slope of the embank- 
ment requirea, itrong retaining walla have been 
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built ; or sometiraea arches are introduced. The 
Dublin and Kingaton Railway is partlj formed 
in this manner ; and it occurs on many lines, as 
at Linlithgow, on the Edinburgh and Glasgow 
Railway. 
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Almost eveiy kind of arching is made use of 
on railways. The number of arches reqiured on 
80me railways, in the formfttion of viaducts, 
bridges, culverts, and drain^j exceeds credibility. 
Viaducts, or roads carried on arches, as is well 
known, are of ancient origin, being used by the 
Romans. They are indispensable in railway con- 
structions, in order to cross valleys at a higher 
elevation than conld be done by cmbankmenta ; 
likewise for carrying a railway through a town. 

The extensive worka on railways of thia kind 
are so numerous, that it would take volumes to 
describe them. In some lines the whole aiTange- 
ment seems but the choice of, and la attended 
with, vast and complicated difficulties, which, at 
first view, it appears almost madness to attempt 
to overcome; and nothing perhaps but the " esprit 
de corps," which actuates pubhc companies, could 
induce them to undertake such works as have been 
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carried out in tliiacountryj where Tifiducts, tnnnek, 
cuttings, occur in successiooj and wliole streets of 
houaea Tiave been removed, which might well deter 
the boldest promoter of railways from embark- 
ing in such a scheme. IVlien it is loohed to what 
has been accompliakcdj one may well feel pride at 
the spirit which conceived euch undertakings, and 
the engineering talent which carried them to com- 
pletion. For example — the London and Green- 
wich Kailway passes through a sea of houges, and 
for nearly four miles is constructed on a continual 
series of arches, forming one vast viaduct from 
one end to the other : there are not less than 878 
brick arches, chiefly semicircular, 18 feet span, and 
20 feet high ; but tu that number there are 27 
skew arches, the principal being over Derraondscy 
Street and the Surrey Canal. The Blackvvall 
Railway, 3 miles and 843 yards long, is another 
gigantic work : on it there is a viaduct of 4020 
yards, c,ontaiuing285 archee, chiefly senii-elliptical, 
of 30 feet span. There is also a viaduct on the 
Eastern Countiea Railway, carried through build- 
ings, consisting of seven eenii-elliptlcal arches, from 
33 to 36 feet span. "Works of a similar description 
occur in towns upon other railways : an extensive 
(series of atone arches is now making to carry a 
railway through the middle of the city of Glas- 

s a 
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gow. Viaducts over rivers and valleys occur on 
almost every railway of any extent. The Warn- 
cliiRj viaduct over the valley of the Brent, at 
HanwcU, on the Great Western Eailway, is a 
beautiful work, cousisting of 8 semi-elliptical 
archea, 70 feet span. The Sankey viaduct, on the 
Liverpool and Manchester line, contains nine 
arches of .50 feet span and 67 feet in height above 
the canal ; and on the same railway the Kewton 
viaduct has 4 arches of 30 feet epan. The Lawley 
Street viaduct, on the Grand Junction, at the 
Birmingham station, is also an extensive work, 
consisting of 28 segmental arches, 30 feet high 
and 30j feet apan. On the Manchester and Blr- 
miugham Eailway there is a fine work, the Stock- 
port viaduct, 2179 feet in length, over the Meraey, 
106 feet high, condiatiiig of 22 semi-elliptical 
arches, each 63 feet span, 28 feet 6 inches between 
the parapets. On the Manchester and Leeds 
Railway there are 6 viaducts; one in the Man- 
chester terminal plane of 54 arches, from 12 to 
30 feet span. The "Wakefield viaduct consista of 
11 arches, 30 feet span, and one less. On the 
Midland Counties, the Avon viaduct near Rugby 
consists of 11 setni-elliptical archcsj of 50 feet 
span. There is a liaduct on the Chester and 
Birkenliead Kailway of 1 1 arches ; and on the 
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Cheater and Crewe Railway, the Ellegmerc caaal 
is carried by an aqueduct over the railway. On 
the Edinburgh and Glasgow line two extensive 
viadiicta occur. The Almond viaduct ia eup- 
ported on 36 segmental arches of freestone, of 75 
feet span, and the veraed sine 16 feet 8 inches. 
The width between the parapets ig 26 feet, ex- 
treme width 28 feet 6 inches, and height above 
the river 50 feet. The Avon viaduct has 20 arclies. 
Timber has been occasionally used in this country 
for economyj for forming short viaducta, on the 
plan introduced in America, ; but, from their elas- 
ticity and vibration, they are not considered advan- 
tageous for the rapid speed of locomotion. A fine 
viaduct of this kind, supported on columns, has 
hitcly been made at Croydon, for the Atmospheric 
Railway. A viaduct of this description is now 
making on the North British Eailway, near Edin- 
burgh. Messrs. J. and B. Green, C. E., adopted 
arched timber viaducts on the Ncivcastle and 
Jforth Shields Ilailway, chiefly on the ground of 
leae cost. They designed a plan in 1833, which waa 
put into execution in 1837, of timber arches rest- 
ing upon atone piers, at the Ouse Bura viaduct. 
There are five arches, the versed sine 33 feet, and 
the radius 68 feet: three of them arc 116 feet 
M i 
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span each, and two of them 114 feet each. Eacli 
arch is composed of three riba, and caat-iron im- 
bedded in the masonry to receive them. 



BRIDGES. 



The bridges formed on railways in this country 
are so numerous, that their bare enumeration 
would he impossible. It has been estimated 
that the number of bridgea, taking the mean of 
100 railways, averaged about 2^ per mile. On 
one railway, the Grrand Junction, 89 miles', there 
are 106 bridges over and 63 under the railway. 

On the Manchester and Leeds Bailway, 60 
miles, there are 116 bridges, beaides viaducts; 
Midland Counties, iu 48 miles, 148 bridges; 
North Midland, 73 miles, 133 bridges; North of 
England, 45 miles, 84 over and under ; Liverpool 
and Mauchcster, 30 miles, 55 over and under. 

On the EdlnVjurgh and Glasgow Railway, in 
46 milea there are 31 bridges over, and 31 under, 
the railway, of 15 feet span, besides the viaducts. 

On the Glasgow and Greenock line, in 21 miles 
there are 60 bridges and culverts, including the 
Port-Glasgow viaduct. 

Sometimes the arches are made entirely of 
brick. They are so on most of the English lines. 
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The arches on the London and South-Westem 
line are chiefly of brick, 28 feet in span and 16 
feet in lieight. On the Scotch railways the 
bridges are built almost entirely with stone. Iron 
is occasionally used in place of brick and stone. 
Cast iron girders or ribs are in coonnon use, laid 
from one abutnieut to another. Six riba are made 
to Buiiport the four rails and two parapet waUa, 
having nothing upon the girders except a plat- 
form of iron platesj flag-stonesj or planking. By 
this plan the depth of the bridge can be reduced, 
strength is obtained, and no ballasting is required. 

Bridges are also occasionally made of timber of 
a similar construction ; but they want the ap- 
pearance of durability, being better adapted for 
temporary erections. Messrs. Green constructed 
an extensive structure of timber over the river 
Esk at Dalkeith, for the Duke of Buccleuch's coal 
works. 

Skew, or oblique arched-bridges, have been 
much introduced in railway.? wlicn the line has to 
intersect any road or other place at an oblique 
angle. As It is most important in railway formation 
to avoid angles and keep by a gtraight lino, a skew 
bridge becomes a great convenience, from the 
circumstance that the railway over the bridge, and 
the road, under it, may be made to form unequal 
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angles with each other. The construction of these 
arches requires very great ekill, both on the pait 
of the engineer and executor of the work. On the 
Liverpool and Manchester Railway the arch near 
ItainhiU is o4 feet on the skew, and the angle of 
obhquity 34°, 

The skew arch at Bermondsey Street on the 
Greeiiwifh Kailwuy, consists of three openings ; 
one for carriages, 17 feet 6 inches wide and 19 
feet high, and two for foot-paeaengers, 6 feet 6 
inches wide. The whole is effected at an angle 
of 38°, and is constructed of six east-iron ribs ex- 
tending over the three arches 58 feet in length : 
they are supported on twelve cast-iron columns 
16 feet in height. 

The bridge over the Dog Row, on the Eastern 
Counties Railway, is a skew one; epan 55 feet; 
made of cast iron, with longitudinal and trans- 
Terso girders. The larger girders are 3 feet in 
depth, 2 inches thick, with an upper and lower 
web, each 9 inches widej and run from one abut- 
ment to the other. 

On the Great Western Railway, at Maidenhead, 
there is a bridge of ten semi-elliptical arches of 
128 feet span, liaving the rise. or versed sine only 
24 feet 3 inches, There are also some very liand- 
BOme iron bridges at Bath. 
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On the Manchester and Liverjiool Railway 
there is a bridge over the Irwell at Manchester, 
G5 feet span ; and on the sanie line, the Ssdnt 
Helen's EaUway la carried over the former by 
means of a handsome h"on bridge with caat-iron 
columns. 

On the South Western Railway eomc of the 
bridges are made with cast-iron girders covered 
with stone; but It has been found difficult to 
keep the joints tight. 

On the North Union Railway the bridge at 
Preston over the river Weaver, buUt of stone, 
consists of five serai- eUiptical arches, 140 feet span. 

On the Manchester and Bolton, where little 
height existed between the rails and the road over 
it, the two lines have been separated by iron 
columns, to allow the utmost height for the car- 
riages. 

On the London and BiiTaingham there are 
some elegant bridges ; the one carrying the Edge- 
ware Road over the railway is made of iron 
springing plates, with intermediate arches of 
brick built in cement. The one at Rugby is con- 
structed of cast iron. There are seven bridges 
on this fine from Euaton Square to Camden Town. 
The iron-tie bridge over the Regent's Canal at 
Camden Town is a fine work. 
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A considerable diflSculty often arises in form- 
ing bridges over railways, from the desire of keep- 
ing down the Jirch for the same roadway over 
it ; lience many very flat arches are to be met 
with, which weaken the bridge, and often give 
it a very insufficient aspect, which ought to be 
avoided. 

The bridges now in the course of construction 
on many of the lines of railway now carrying on 
in thia country, will not be inferior, aa works of 
ekill and enterprise, to those that have preceded 
them. The proposed passing of the Mcnai Straits 
on the Chester and Holyhead Railway has already 
called forth great ennciueerinjT skill. 

o c> o 

When railways were first introduced, they were 
improperly allowed to cross turnpike roads on a 
level. On those railways, accordingly, for which 
Acts were passed previously to 1836, these ob- 
jectionable crossings are very common; as on the 
Stockton and Darlington, Newcastle and Carlisle, 
Liverpool and Manchester, Dublin and Kingston, 
Glasgow and Garnkirk. Great danger from such 
level road crossings must obviously arise where 
steam power is employed, from vehicles passing 
when the train is at rapid speed, or from cattle 
straying on the rails. These crossings are pro- 
perly iiow prohibited. Indeed, it seems much 
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more for the advantage of the railway company 
to build a bridge to ensure permanent safety, 
than to erect a lodge and gatesj with a man con- 
stantly stationed on the spot. 



TUNNELS, 

Tunncla are the most formidable and expensive 
of all the works on a railway, and tlie cost of them 
being contingent on the nattire of the ground to 
passj unseen obstacles often inlerrene to increaae 
the expense. Tunnels arc great drawbacks to 
the comfort of railway travelling; and being ob- 
jectionable in every point of view, the skill of the 
engineer is fully displayed in avoiding them. 
Accordinglyj in most of the recently designed 
railways they are avoided as much as possible. 
It is, however, quite impossible in many localities 
to dispense with thcra altogether, without perhaps 
having recourse to as great, if not greater evils. 
They may, therefore, be called necessary evils in 
the present state of railway formation. To attain 
proper gradients, few Hues of railway of any ex- 
tent can be constructed without having recourse 
to these laborious and tedious formations. 

Tunnelling, or the art of cutting subterranean 
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passages through the bowels of the earth, has 
been long practiaeil; and extensive timnels have 
been constructed, through which several of the 
canala of tliia country have been carried. Tun- 
nels lire constructed either by pcTforritiEg the 
earth by means of horizontal shafts entering them 
from the face of a liill, or by sinking vertical shafts 
as a pit would be sunk. When tunnels have to be 
C-arrled through gi-anite or solid basalt, or whin- 
stonej or compact sandstone rocks, the labour and 
time occupied must be very great, as nearly the 
whole operation is carried on by blasting. In 
the Scottish railways several laborious works of 
this kind have been eflfected. On all tunnels of 
any length ventilating shafts must be provided; 
for although it does not appear that tunnels have 
been attended with those bad consequences to 
health at first apprehended, gtill immunity from 
personal injury will not make them more bearable 
or less offensive. Their safety and exemption 
from annoyance will therefore depend entirely on 
having air shafts at short distances ; and above 
all things giving them, at whatever cost of first 
outlay, sufficient elevation. The height of the 
tunnel is of importance when locomotives pasa 
through it ; for even when coke is consumed the 
smell is most offensive ; but should coal be used 
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the enEtiue, the tunnel will be rendored much 
more disrigreeable. 

The height of the tunnels used on roilwaya 
Taries, like most points connected with them, 
exceedingly. In general, to save e3q>ensej they 
are kept too low ; nor docs there appear any 
fixed rule to go by, judging from the tuunela in 
existence. The dls^tances apart, likewise, of the 
ventilrttlng shafts, and the diameter of these, vary 
in a similar manner. 

A few examples may be referred to, by way of 
illustration. 

On the London and Einuingham line tliere are 
several tunnels ; the principal of which are, Prim- 
rose Hill, Kilsby, Kensall Green, Watford^ Wee- 
don, and Birkswell. 

Primrose Hill tunnel, 3750 feet long, 22 feet 
high, 22 feet wide, 18 carried through plastic 
clay. The brick-work is 18 inches in thickness, 
built in cement. There arc five ventilating air- 
shafts about 9 feet in <liameter ; they are raised 
about 8 feet above the ground. Tliese shafts were 
used, in making the tunnel, for lowering the ma- 
terials and raising the excavations. 

The Kilsby tunnel is about 6600 feet in length. 
Its excavation was a difficult work, from the tun- 
nel passing through strata in part of running 
sand. It is 27 feet hijh and 2.3] wide. 
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The Watford tunnel is 1 mile and 39 yards, or 
5397 feet: It is carried through chalk. About 
the middle there are two large shafts for venti- 
lation. 

The Kenaoll Grecu tunnel is a quarter of a 
mile in length. 

The Box tunnel on the Great Western Railway, 
on the incline 1 in 100, between Bath and Chip- 
penham, is fuUy IJ mile, (9372 feet) in length. 
It is 27 feet 6 inches in width at springing of 
invert : above this line it ia 30 feet. The clear 
height above the rails ig 25 feet. The air-shafts 
are 11 in number, generally about 25 feet in 
diameter. 

On the Liverpool and Manchester Railway 
there are three tunnels. The first, from Wapping 
station to Edge Hill, is 6600 feet in length, 22 
feet widcj and 16 feet high. The side walls are 
5 feet perpendicular, for supporting the BCmicir- 
cnlar arch of brick. Some parts of the roof are 
formed by natural rock. This tunnel waa exe- 
cuted by means of vertical shafts. The passenger 
tunnel, from Edge Hill to the original etation in 
Crown Street, is 870 feet in length, 15 feet wide, 
and 12 feet high. The tunnel descending to the 
station in Lime Street is about 5280 feet (one 
mile) in lengthy 25 feet in width, and 19 feet in 
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height. At the Western entrance the segmental 
arch rises 12|^ feet. 

On the Manchester and Leeds Bailway there 
are eight tunnels, one of which is 8580 feet, or I 
mile 5 furlongs In length. It is 23 feet wide at 
springing of invertj, 24 feet at springing line of 
arch of roof, and the height from spring of invert 
to the soflite of arch is 21 feet 6 inches. 

On the South Eastern (London and Dover) 
there are acYeral extensiTe tunnels : the Shakspeare 
tunnel at Dover has a double bore, or a tunnel 
for each line of way j, 12 feet wide. It is made in 
the form of a Gothic arch, 1 9 feet to the spring of, 
and 30 feet to the top of, the areh. The Chalk 
Cliff Tunnel is 4290 feet in length, on an incline 
of one in 284 : it has seven audits or galleries. 
The Abbot's Cliff tunnel is 6609 feet long, 24 feet 
wide, and 25 feet high : it has vertical shafts and 
galleries. 

On the Manchester and Bolton fiailwaj there 
is a tunnel of 900 feet. 

On the Leeds and Selby there is a tunnel 2100 
feet in length, 17 feet lugh, and 22 feet wide, 
and there are three ahafta for ventilation. 

There is a tunnel 300 feet on the IVhitby and 
Pickering line, 14 feet high, 10 feet wide ; the side 
walla are upright for 9 feet, and support an 
o 
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arch of 18 inches hrickwork. The entrance fo 
the tunnel 13 built in a castellated form. 

There is a tuDnel on the Leicester and Swan- 
tiington Railvvaj, about 5280 feet, or a nijle in 
length, 10 feet 8 inches wide at the base, and 11 
feet 9 inches at the springing of the seniieircular 
arch; the height is 13 feet 6 inches. There are 
four ventilating shafts 3 feet in diameter^ raised 8 
feet high above the ground. There is a tunnel 
on the Chester and Birkenhead Eailway 573 
yards long, and 1 6 feet high. 

On the Newcastle and Carliale Railway, 60 miles 
in Icngthj there is only one short tunnel. 

On the Edinburgh and Glasgow, in the oppo- 
site extreme, in the short distance of 46 miles, 
there arc five tunnels, some of which are long, 
cut throu^ soKd rocks. The Falkirk tunnel, on 
a ciurve, is 2490 feet in length j the Winchburgh, 
990 feet ; and three tunnels together at an incline 
at Glasgow, 1328 feet, 876 feet, and 816 feet 
respectively. The height of these timnels is 26 
feet, and the width 22 feet. On the Ayr and 
Greenock Hallway there are short tunnels cut 
through the solid rocks. On the Edinburgh and 
Ncwhaven a tunnel 3000 feet in length is now 
making under part of Edinburgh. It is 24 feet 
wide, and 17 feet high, Thia has Ijpen a most 
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difficult and laborioue work, cliieily arising from 
the looseness of the strata, consisting of sand, 
shalGj Lasalt, and freestone: the deejieat vertical 
cutting will be 90 feet. Another tunnel of con- 
siderable extent has also been made at that city, 
on the North British Railway. It is cut through 
the basaltic rock of the Calton Hill. The whole 
of thie tunnel has been lined with brick-work — a 
Tery complete, although expensive, undertuking; 
the width of this tunnel ia about 24 feet, and the 
height about 17 feet. 

One of the first railway tunnels made in the 
same neighbourhood was that on the Edinburgh 
and Dalkeith railwayj opened in 1830. It is 1710 
feet long, placed on a steep incline. It is a semi- 
circular span of 20 feet. 



BAILWAY STATIOyS. 



The labours of railway formation may be con- 
cluded with a short notice of railway stations. 

The position of milway stations upon a line^ 
and the number of them, is a matter entirely con- 
tingent on local circwmstances. As a general 
rule it may be kept in view, that the greater the 
■number and convenience of the stations, and the 
o 3 
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cheaper the fares, the greater is the probabllitj- 
that the traflSc oil the line witl increase. The 
Bize and accommodation of the station liouses 
Tary from the humble office of one apartment to 
those splendid establiahmenta some of which are 
observed on almost every railway; such as the 
stations at Euaton Square and at Kugby, on the 
London and Bimiingliam Railway ; those at 
Bristol, Bath, Slough, and Swindon, on the Great 
•"Western ; also the stations at Liverpool> Man- 
chester, Birmingham, York, Derby, Glasgow, &c. 
The arcbitectural design and plana of these it 
is not purposed to describe : many of the station 
buildings display considcraLlc architectural taste, 
others a paucity of it. It might be well when 
railway depots and stations form so conspicuous 
objects, that pure classic designs were adopted, 
and premiums might most advantageously be 
awarded for competition designs. Iron roofs are 
much used for railway stations : they require 
most careful construction. Too much attention 
cannot he bestowed on the arrangements at the 
stations, as much of tlie convenience, comfort, 
and safety of paeaengcra depend on them. As a 
general rule, the plan has been adopted of having 
all stations and depots on a level with the railway, 
wherever it is possible ; this prevents incon- 
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Teoience in many respects to passengers, and also 
the transfer of gooda. The poaition of the 
engine bouses, coke stores, goods' warehouses, 
&c., are also points in the arrangement of rail ways 
which, both as respects the guarding against 
accidents and for convenience, display skill on the 
part of the engineer. There ia not one point 
connected with radwaya that requires more 
speedy correction than the dangerous practice of 
passengers being obliged to cross the rails to get 
at the up-trains. This improper practice exists 
on almost every railway at out-stations, and the 
numerous accidents which have occurred froiu it 
might long ere this have pointed out the necessity 
of its abolition. There are few travellers but know 
the danger of scrambling over rows of iron mils in 
the dark, to get at the landing platform on the oppo- 
site side of the railway, where the train they want 
is to stop. A fatal accident which occurreti at the 
Falkirk station on the Edinburgh and Glasgow 
Railway, by a gentleman crossing the line to get 
to the carriage, being run down by a coming-in 
train, very promptly led to a bridge being thrown 
across the raila, and so preventing the necessity 
of the passengers walking in future on the rails 
at all at that station : and why should not this 
plan be obligator;' on railway companies through- 
o 3 
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out the kiDgdom ; as also that they should land 
passengera at all times on a platform ? I have 
seen passengers at sonie stations bmded in the 
dark amid the rails of the lines ^nd where cross 
lines meet, and obliged to find their way to the 
platform in the beat manner tliey could. By a 
little attention to the arrangement of the stations 
and landing-places, and the manner of attaching 
and detaching of luggage waggons^ carriage and 
cattle trucks to and from trains, many accidents 
may be prevented, or casualties guarded against. 



COST OP RAILWAYS. 



I 



Thus have been gone: over eome of the im- 
portant workfi connected with the formation of 
railways; from the preceding descriptions some 
idea may be formed of the multifarious details. 
Prom these works may be perceived the enormous 
expense attending forming the line of way, and 
the neccsaity of (while the railway is designed with 
all due regard to economy) its utility not being 
lojored by ill-judged parsimony. It must be in- 
deed obvious that the coat of railwaj^s is much, if 
not altogether, contingent on local circumstances ; 
and in estimatinrr the future returns from a rail- 
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r, the cost per mile raust be the most important 
consideration ; in general, railways have been con- 
structed and arranged more on the principle of 
convenience, and in the hope of such an increase 
of traffic arising aa would repay the first vast out- 
lay on them ; while others, again, have been, hj 
fortunate adventitious circumstances, formed at 
a very cheap rate. The cost of the London and 
Birmingham Kailway was about 52,882/. per mile ; 
the Grand Junction, 29,293/. ; Li\'erpool and 
Manchester, about 50,923?. ; Great Western, about 
56,372/.; London and Brighton, about 56,981/.; 
London and Greenwich, 267,270/. ; Loudon and 
Southwestern, about 28,004/. ; LondoUj and Black- 
wall, 287,693/. ; London and Croydon, 80,400/. ; 
Birmingham and Gloucester, 29,000/- ; Manchea- 
ter and Lceda, 47,824/.; MidlandCountlcs, 35^402/.; 
York and North Midland, 23,066/. ; Dublin and 
Kingston, 59,122/. ; Edinburgh and Glasgow, 
35,024/. ; Glasgow and Greenock, 35,451/. ; 
Glasgow, Kilmarnock, and Ayr, 20,607/.; North 
Union, and Bolton and Preston, 27,799/. ; Dublin 
and Drogheda, 15,652/. ; Dundee and Arbroath, 
8,570/. per mile. 
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The Bubject of railways has been viewed hi- 
therto chiefly in regard to the roadway on which 
the carriages have to run. The consideration 
which next presents itself is the mode of working 
the r^Iway, and the motive power best adapted 
for this purpose, both in respect to safety and 
economy. Railways indeed would have made 
glow program in this or any other country — nor 
would they have been at all likely to supci-sede 
canals and other modes of conveyance — had the 
old i)lan of working them by horses, or stationary 
engines, still contimied. Confined as these agents 
were to a slow rate of motion, and ill adapted for 
general tniffic, however convenient for local pur- 
poses, there could have been no stimulus to extend 
the expensive works which have been described 
connected with railway formation, had it not been 
for the invention of a motive power which brought 
a new principle into action, unknown in fonuer 
times, combining economy of working with the 
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utmost velocity. The rapid advan cement of rail- 
ways in these times is clearly attributable to one 
thing. In many queatione doubts may arise as to 
success being attained by a combination of cir- 
cumstanc«s ; but never waa any thing more clearly 
defined or brought out, than that railways owe 
their present euccesa and prosperity to the inven- 
tion and perfecting of the locomotive engine ; and 
although it may yet happen, by the strange anomalies 
of events, that, after all the labour and time spent, 
and skill displayed, in briaging this machine to 
the perfection it has attained, it may perhaps be 
doomed, after a precocious maturity and short 
usage, to be superseded by another mode of propul- 
sion, — the atmospheric or some other scheme, which 
may lead again to the use of fixed engines ; still it 
must be interesting to trace the progress and 
history of an invention which has already proved 
of vast utility to mankind. 



INVENTION OF THE LOCOMOTIVE ENGINE. 



For many years the locomotive engine had 
been retarded by an erroneous and imaginary 
assaniption, which prevailed Bince the general 
introduction of iron rails, that there was not 
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sufGcient friction between the face of a smootb 
wheel and rail to produce adhesion, or resistance 
enough to cause the wheel to move onwardj 
instead af simply turning on its axle, — which is 
technically called shiddinff of the wheels. It seeiae 
to have been supposed, that from this taking 
place, and want of sufficient gripe or bite, not onlj 
there wotild be loss of power, but the advance of 
the carriftge would he retarded. Strange as it 
may now appear, futile echemes were proposed 
and mueh money was expended on contrivances 
to get rid of this supposed diflSculty, when tlie 
solution of the point could liave been attained by 
a few experimenta. This shows the necessity of 
testing inventions by experiment and experience 
— these may be truly termed the only safe basis 
upon which pmctical improvement can be raised. 

In looking back on the short history of rail- 
ways, we cannot but wonder that so little progresa 
was at first made with steam jjower. The steam 
engine cannot boast of great anticj^uity ; for al- 
though the ancients knew something of steam, 
they knew nothing of motive power or mechanical 
applications. The invention of the steam engine 
is generally ascribed to the Marqida of Wor- 
cester in the year 1663 ; but to Savary, who 
obtained a patent for his steam engine in 1692, 
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!Newcomcn, Watt, and others, ia fairly due the 
merit of the invention of the steam enginei as 
the Marquis of Worcester's projects were wild 
and fanciful. There were many difficulties to 
OTercomc before the steam engine could be made 
applicable to purjioses of locomotion. No doubt 
the double-acting steam engine had, in the year 
1782j been brought by the genius of Watt to such 
& degree of perfection as to admit of few subsequent 
improvements; but how unsuitable such an engine 
must be, with its heavy frame work, huge fly 
wheel, its beaoij condenser, and cumbrous boiler, 
for locoiQotive purposes. Had these clever adapt- 
ations for stationary steam engines not been got 
rid of, the locomotive engine would have made 
Ettle advancement. Who can doubt that re- 
peated trials and experiments must have been 
'jnade ere the least excellence could have been 
attained in the application of the steam engine as 
the motar on railways. 

It must have been obvious to engineers, almost 
m the first, that locomotive engines must he 
differently constructed from the common con- 
densing engine. From the period of Watt till 
within the last 30 or 40 years high-pressure 
engines were rarely used in this country : indeed 
^ft» strong prejudice existed against them from ap- 
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prehension of their eafety. These prejudices 
gradually wore out where email steam engines 
were used : and when steam power came into use 
■ — from 15 to 20 yeare ago — ^in Scotland for 
farm purposes, high pressure or noncondensing' 
engines, on the reciprocating principle, were 
generally preferred, from cheapness, as the motive 
power for barn machinery. Engines of this de- 
scription are now in general use at farms in 
Scotland and the horders of England.* The usual 
pressure at which these high-pressure engines are 
worked is from 30 to 35 lbs. on the square inch ; 
and no accident with them has yet occurred at 
farms, showing that with good management there 
is perfect eafety. 



TTEEVITHICK ASTD TITIAK^S LOCOMOTIVB 

ENGIKE. 

Steam engineSj however, modelled after the 
form of condensing engines, Avere obviously very 
unsuitable for portable or locomotive purposes. 
The first liigh-prcHsurc engine, it is generally 
admitted, applicable for the latter purpose, waa 
the invention of Richard Trevithick and Andrew 
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• The author has now Iq the press a work, for which a 
premium was awarded, on tbo application of the steam 
engine to farm purposes. 
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ViTian, engineera, of Camborne, in Cornwall, In 
the epecificatioD of the patent^ dated March 24, 
1802, it is described "for improving the constnifr- 
'* tiou of steam enrrincs and the application thereof 
** for driving carriages on rails, and turnpike roads, 
*^ and other purposes ;" likewise, that their engine 
will produce a " more equable rotatory motion on 
" the several parts of the revolutions of any axia 
" which IS moved by the steam engine, by causing 
*' the piston rods of two cylinders to work on the 
*' said axis by means of cranks at ^ turn ssuuder." 
It is alsomentioned that they occMisIonally propose 
" to make the external periphery of the wheek of 
" carriages uneven by projecting beads of naila, or 
*' bolts, or cross grooves, or fittings to rail-rods, 
*' and that ui cases of a hard pull to cause a lever 
" bolt or claw to project through the rims of one 
" or both wheels, so as to take hold of the ground ; 
" but that in general the ordinary structure of the 
" external surface of the wheels would be euffi- 
" cient ; that the form of the engine might be 
" varied by changing the relative velocity of rota- 
" tion of the wheels as compared with that of the 
" axie by shifting the gear, or by having toothed 
" wheels of different sizes ; the body of the carriage 
** to be made of any convenient form according to 
" Its use." In this clever invention the eteam was 
proposed to be worked either at high pressure or not, 
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If the former, at a pressure from 60 to 80 lbs. on 
tlie square inchj and tlie boiler was made of a cylin- 
drical form, to bear tlie expansive action of strong 
steam, Laving a bent tube like tlie letter U within 
it, to increase the heating surface. The furnace 
was placed; within the boiler, as in the common 
marine boiler ; and they proposed occasionall j to 
excite the fire by bellows, worked by the piston, 
or crank of the engine, or by any plan found con- 
venient. The cylinder of the engine was likewise 
immer&ed in the boiler. To guard against explosion 
a second safety valve waa provided, not under the 
control of the engineer — a plan which subse- 
quently has been universally adoptetl in locomo- 
tive engine boilers, and which arrangement should 
be apphcd to steam boilers of every description. 
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Fig. 46. is a side and end elevation ; a is the 
joiler, with flat ends, the fire being contained 
within the tube Aj entirely surrounded with water ; 
p-d the steam eylinderj placed nearly to the bottom 
>f the boiler ~- tlic waste steam passes into chim- 
ley c by eduction pipe e : the piston rod is at- 
iched to croas-head jQ'j Avhich elidea in vertical 
luides, from the ends of which the connecting 
is ffff descend to the cranka on the axles of the 
fore wheels, and makes them revolve : h is the 
safety valve of the boiler. 

In the year 1804 the inventors constructed an 
^■«ngine for moving railway carriages. This was 
^■the Jirst sieam enyine applied to locomotive pur- 
Hg^Ktses in Britain. It was used successfully on 
the railroad at Merthyr Tydvil, in South Wales. 
The cylinder was placed horizontally, as in loco- 
motives now used. The heads of the piston rod 
and connecting rod were divided, or forked, 
^Heaving room for the motion of the extremity 
™T)f the crank, and giving motion to it fixed on an 
axle-tree : on this axle cog-vvheela were placed, 
^■rorkiug Into cog-wheek on the axle of the 
hind wheels. This iDComotive engine, which in 
many of the leading features was essentially the 
dame aa those now in use, had only one cylinder 
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cf 8 inchea diameter, mid a stroke uf 4 feet 
6 inches, with a fly-whccl to regulate the action 
of the crank. At its first trial it drew aa 
many carriages as carried ten tons of bar-iron a 
distance of nine miles, travelling at the rate of fi^e 
miles per hour. It is doing mere justice to these 
inventors to state that, to them belongs the merit 
of having first applied the steam engine Buccess- 
fully to the purposes of locomotion j and that 
those who reaped the subsequent harvest merely 
did eo from the seed they had sown. 

Although Messrs. Trcvithick and Vivian had 
thus, to a certainty, so far succeetled in making 
use of the steam engine as the motive power for 
railway carriages — ■ still the action of their loco- 
motive waa confined to the level plane, which 
destroyed much of its cfficiencyj and the erro- 
neous belief entertained, to which I have ahready 
alluded, of the want of bite, or adhesion of the 
wheel to the rail, rendered the progress of loco- 
motive traction, in a great measure, nugatory ; 
accordingly, for nearly 25 years subsequent to 
their patent, very little was done to advance the 
object, although, no doubt, numerous attempts 
were made, and some of theae were, perhaps, 
unheard of. 
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BLENKENSOP'S LOCOMOTIVE, AND EACK-KAII* 



The nest patent for this object was that 
ited to Mr. John Blcnkcnsop, of Middleton 
[Colliery, near Leeds, in 18llj for what he termed 
rack-rail, adapted for carriages. 
In the specificatioa of his patent he mentiona 
[that he proposed to fix upon the ground, or road, 
Bver which a conveyance is to be made, " a 
** toothed rack, or a longLtudinal piece of cast 
*' iron or other material, having protuberances, or 

(** other parts, of the nature of teeth, standing 
*' upwards or dowQwards^ or sideways, or in any 
" required position ; and that the toothed rack 
** should be prolonged by fixing to it other pieces 
•*' so far as required upon the road ; " that he pro- 
posed " to fijc, apply, and connect, with a carriage 
*' for the conreyance of goods or pagsengere, a 
^■-" wheel having teeth or protuberances, or other 
^1 ♦' parts of the same nature as the teeth belonging 
•* to the longitudinal rack ; and when the carriarfc 
" was 8uit;ibly placed on the road the wheel was tt) 
^m " revolve ajid drive its carriage along by the appli- 
^f" cation of any such well known power or first 
*' mover ae can be placed upon and carried along 
." with the carriage." He also declares that astCAOi 

r 
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engine is greatly to be preferred to any other 
first mover ; and, further, that he proptMed 
to connect it by a crank, asstBted by a fly- 
wheel, or by other well known methods of con- 
nectioD, and to make the coniicciiona either 
directly with the arbor of the said whcelj or in- 
directly by another wheel, where the one crank 
or other driving force cannot with convenience 
be fixed upon the arbor of the wheel. And, fiir- 
ther^ to render the motion bf the carriage more 
eaey, he proposed, as might be most convenient, 
to avail himself of contrivancee heretofore in use, 
and that a preference should be given in every 
instance to an iron railways upon which the 
toothed or common wheels of his carriages should 
run ; and in that case he connected his longi- 
tudinal rack with the nulroad itself ^ as one of 
the sides forming the railroad might be cast with 
tcetb, 80 that it would constitute the toothed 
rack itaelf, and, at the aame time, afford a regular 
and even bearing for the wheels, and for the 
toothed wheel, which, if its plane were vertical, 
may be made with a side-run to bear upon the 
smooth part of the rail, and prevent the teeth 
from locking too deep ; and, lastly, to give mo- 
tion to other carriagea by attaching the same to 
the carrie^e upon which the first mover was 
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placed ; and that these other carriages ware fitted 

up without, or did not require the toothed wheel, 

[And he also, when preferred, made use of two 

[toothed wheels acting upon correapondjing racks 

[at each aide of the rails : fipf. 47. 
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This coinplicated and extravagant sclieme serins 
to have received the most carefiil cotusideration. 
and much time must have been spent in perfectiiig 
the details : but the idea waa soon abandoned. 



MESSES, W. AND E. CHAPMAJf'S PATEKT LOCOMO 
TIVE EKGIKE AND CHAIN. 

In the following year, 1812, a patent was 
granted to William Cbapman, civil engineer of 
Newcastle-on-Tyne, and to Edward Walton 
Chapman, of Wlllington Ropery, in Noi-tbumber- 
land, for a method of facilitating the means and 
reducing the expense of carnages on mlroads. 
Their invention consisted chiefly in the use of a 
chain or other flexible and contintioua substance 
stretched along the road to be traveUed, secured 
at each end at suitable intervals, and in the ap- 
plication of this chain round a barrel or grooved 
wheel in such a manner as not to slip, the 
grooved wheel was fixed on before or behind a car- 
riage, supporting any internal moving power, and 
was to be put in motion by the power^ so tlrnt by 
the revolution of the grooved wheel round its axis, 
either one way or the other, it could drive the 
carriage and the otliers which might be attached 




* 
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(to it. The patentees stated that it was already 
ImowQ that self-acting locomotive engines had 
been made for the purpose of drawing carriages 
after them ; but the object of their patent was not 
to include in their invention what had heretofore 
been publiclj done, hut simply to claim such a 
ipoaition and application of the things they men- 
tioned as fell within thebr deecription* " That the 
principal feature in theii" in?eiition Avas the ad- 
vantage that no alteration waa required on the 
waggon ways or rails, whether they were of wood 
or iron, because if they were strong enough to sus- 
tain coal wftggona they would be amply capable of 
supporting a locomotive engine when placed on 
6 or 8 wheels, and thus the alternative hitherto 
laboured under would be obviated ; namely^ either 
that of the weight of the engine destroying nmne- 
rous rails, or the total renovation of the way by 
laying new rails at a great charge." This plan of 
an engine was tried at the waggon way, from 
Hetton colliery to the river Tyne, near Newcastle, 
By this plan caiTiagea using the chains could not 
pas& each other : the method, therefore, required 
two railways, one in each direction. The weak- 
ness of the rSils laid down for railways at tbia 
period forming an obstacle to the use of heavy 
engines, may account for the proirosal of Messrs. 
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Chapman of placing the weight of the engine 
upon two frames eupportocl by 6 or 8 wheels; atilJ 
the cumbrous action of 8 wheels and ench a length 
of framing must have made such a moving power 
moat unwieldy. 



iirunton's patent locomotive, with LEG», 

Tiie next invention emanated from Mr. William 
Brunton, engineer of the Butterly ironworks in 
the county of Derby, who, in the year 18 13, 
took out a patent for a singular contrivance to 
overcome the ideal obetacle of the want of auffi- 
cient adhesion of the wheels of carriagee. The 
specification of his patent describes a method and 
machinery "for propelling or drawing carriages 
" upon roads or railways by means of certain levers 
" or legs alternately or conjointly acting upon such, 
** or upon machinery attached thereto." He pro- 
posed to propel the carriage by steam powerj by one, 
two, or more legs {ah,de,)JigA^.f P^g^ 215., acting 
against a rope chain or rail, and which legs are at- 
tached to or connected with the moving power in 
such a manner as to receive from it a reciprocating 
motion, by the levers (a Cfde^) something Bimilar 
to the motion of a man's legs when in the act of 
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walkingj which motion might be communicated by 
any of the usual and fit mechanical means employ&d 




by machiniBtB. The lower extremities of the said 
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levers or legs were to be fiirmshed with one or 
two other pieces, which he called feet {b e), with 
shoes formed to the best advantage, to prevent the 
wear of the roads ; and these were to be made of 
wood or nietalj of breadth proportioned to the 
materials on which they were to act. The said 
feet were attached to the legs By means of joints 
in such a manner as to accommodate themselves 
to the various inclinations or irregularities which 
the road might present, and that they might keep 
a better bold. The legs were to be either used alter- 
nately, and the machinery so constructed tliat when 
one leg with its foot was brought to the ground, 
or about to take it, the other might be raised and 
suspended UDtU it was again brought into action, 
or a conjoint action might he adopted, and both 
lega used together lo obtain the progressive motion 
of the carriage, 

A is the cylinder placed on one side of the boiler, 
the piston rod being attached to the leg at a, 
serving as an abutment to push the engine for- 
ward; Ij 2, 3, are rods eliding baekwarda and 
forwaxda, fixed to the lever ac,dc; on the top of 
the boiler are straps to raise tlie feet. 

ilr, Brunton gives an account of the action of 
Ilia engine, which he terma the " mechanical tra- 
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veller," in the '' Repertory of Arts," from which 
it appears that his propelling lega were tried upou 
■ a railway at the Crick Lime Works, belonging to 
' the Butterljr company, and he states that they 
performed very well. He first ascertaiued that the 
I power necessary to move it at the rate of 2 J imlea 
^■an houTj was 84 Iba. The machine there tried 
' consisted of a steam engine, having a cylinder of 
6 inches diameter, and 24 inches stroke (the 
whole weight, including w^ater, being about 
45 cwt.)j with steam equal to 40 or 45 lbs. on the 
square inch. The machine was propelled at the 
rate of 2^ miles an hour, and raised perpendicularly 
812 lbs. at the aamc speed, — making the whole 
power equal to 896 lbs. at 2i^ miles an hour. 
This, he observes, is nearly equal to the power of 
six horses ; but, as the machine was working tm a 
ndlway with an incline of 1 in 36, he calculated 
^■that it performed the work of 4 horses, and for 
which it was amply powerful. He also remarked 
that, with respect to the advantage of this ma- 
chine, and the various purposes to which it was 
applicable, much might be said ; that it was a most 
simple and easy substitute for horses, particularly 
for conveying heavy materials on railways, or 
even waggons on turnpike roads. 
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Such is a. description, as given by the inventor, 
and it is singular to obsen'e bo much ingenuity 
and mechanical skill displayed in trying to perfect 
80 complicated and extravagant a machine. 



TIJTOALL AND BOTTOMLY'S PLAN. 



The nest account of an invention for reducing 
the expense of carriage on railways and other 
roads, emanated from Messrs. William Tindall and 
John Bottomly of Scarborough, in the form of a 
oommuuicatioo to the Society of Arts, dated June 
4. 1814. They proposed that a rotatory motion 
should be given to wheels of carriages fixed to 
the axles by means of an endless chain passing 
over toothed wheels and grooved pulleys fixed on 
some convenient part of the axle of the wheels, 
and under and nearly round a toothed pulley 
turned by the power of the engine, which car- 
ri^es were to be kept at proper or suitable 
distances by means of bars of iron, which served 
ae joints. The chain was composed of circular 
and oval links placed alternately; the pulleys were 
toothed to suit the circular links, the indentations 
by which the teeth are produced being nearly 
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semicircular. Intermediate pulleys were to be 
QBed; chiefly to press down the chains on the 
larger portione of the circumference of the other 
pulleys, or the axles of the wheels, which might, 
without inconvenience, be made of various sizea. 
The slack chain was hung over puUeys fastened 
to the arbor of the intermediate pulleys, but 
loose pulleys sufficed. They proposed a b«ak 
to be used for deacending planes. 



SLOW PEDGRBSB OF INVENTION. 



The absurdity of such propositions may now 
appear extraordinary ; but those who know the 
difficulties which so often practically exist in 
making eicperimentB, and the great outlay these 
involve, will be inclined to make every allowance 
for practical men, and it ehoulJ induce those 
having the power and means to aid in trying, 
and not discouraging IngemouB suggestionB. By 
doing 80, many years, perhaps, in the progress of 
useful improvements might be gained. The in- 
ventive genius of mankind docs not appear to 
have advanced by hasty strides. Knowledge 
seema not to have been attained in the progress 
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of yearsj but rather that of centuriea. The re- 
finements of eciencc and the achievements of art 
seem to have been gained like the slow gatheringa 
of the gleaner. Suecessfiil inventioiij however, 
in some ingtancca may be compared to a ray of 
light bursting on the tunnePa darkneas ; — how 
beautiful and distinct is the object when revealed ! 
When the niysteiy is gone and the enigma ia 
solved, how mfmy then can lay hold of and buc- 
ceasfullj follow out the suggestionj heedless of 
those who, with blighted hopes, have laboured at 
it in vajs ! 
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About the year 1814 it became known that 
the progressive motion of the carriage neither 
required racka nor chains, to which, it appears, 
the failure of Trevithick's engine had been im- 
puted. Thia fact, so essential in the science of 
locomotion, was proved by experiment on the 
Wylam railroad, for which Mr. Bkcket of Wjlam 
had an engine made in 1813, on Mr. Trevithick's 
plan, working on a plate rail, the friction of 
which would aid the experiment, He found that 
the adhesion on it was sufficient in ordinary gra- 
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dients to make the wheels move onwards drag- 
ging a load of considerable weight. Mr. Blaeket 
afterwards improved his engines and ascertained 
the quantity of adhesion. It is surprising how 
it should have been so long before this was ascer- 
tained. It is probable the error originated in the 
want of sufficient weight in the cannages experi- 
mented with ; for of course it is now known that 
the adhesion or bite of the wheel is regulated by 
the preeaure, and in proportion to the weight 
resting on the smooth Burface, and to the extent 
of the surfaces in contact^ or, in general terms, it 
may be saidj that tlie bite of the wheel on the 
iron rail depends much on the weight of the 
carriaffe. 



Stephenson's killingwoeth locomotive. 

The next locomotive engine was constructed 
about tbia period by Mr. George StephensoUj at 
JCillingworth colliery, and was tried on the rail- 

, road there in 1814. It was considered a great 
improvenieut on the previous one. It was found 
to drag eight loaded carriageSj about 30 tone, 
at the rate of four mUea an hour. It had 

1 two vertical cylinders, each of 8 Jnchea diameter, 
and two feet stroke placed at each end of and 
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within a cylindrical boUer, havbg a tube of 20 
inchea passing through it. Two pair of wheels 
were worked with cranks placed at right angles, 
which were retJuned in their position by means of 
an cndlees chain passing round two cogged wheels. 




Fig. 49. 

Fiff. 49. ehowB the mode by which motion wae 
commuiucated to the carriage wheels ; a a, are the 
wheels ; n b, the carriage frame ; a, i, c, (f, con- 
nectinCT rods, giving the motion from the piston to 
the cranksj which turn the two cog-wheela, e,f; 
these again turn the two larger cog-wheela kk fixed 
in the axles, and move the carriage wheels. 

This plan of connecting the wheels was soon 
found inconvenient; and to obviate the defects, 
Mr. G. Stephenson and a Mr. J. Dodd took out a 
patent in 1815 for a method of communicating 
the power to the engine without those cog-wheela. 
One plan proposed was the application of a pin 
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upoD one of the apokea of the engine wheels ; the 
connecting rod fixed to the cross beam of the 
engine, and moving with the piston, being at- 
tached, at the lower end, to the spoke of the 
wheel, and working in a ball and socket joint. 
The reciprocating motion of the piston was thus 
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nda, b, c, to the pin fixed on the gpokc!) of the 
wheels A B. 

To keep the cnuika at right angles with each 
othefj the patentees used a kind of endless chain, 
conaisting of one broad and two nan'ow lintsj 
which lay upon or passed over a toothed wheelj 
fixed to each axlej as shown in the figure. The 
principle of action of this was very similar to the 
plan proposed of giving motion to the wheels of 
carriages hj Measrs. TLndoll and Bottoinly. The 
periphery of the wheels £xed on the axles being 
furnished with cogs or teethj projecting about an 
inch, these teeth entered between the two narrow 
links, and had a broad link between every two 
cogB, resting on the rim of the wheel, winch 
caused the chain to move round with the wheel, 
and prevented one wheel being moved without 
the other. 

Mr. G. Stephenson may be considered to be 
the first who successfully uaed locomotive engines. 
It has, indeed, been stated that he had remarked, 
in 1814, that if the wheels of carriages could be 
'made to have sufficient adhesioii on the rails, 
there was uo limit to the speed such an engine 
could go at, provided the works could be made to 
bear the action. This opinion has, indeed, been 
eorroborated by the events of subsequent years ; 
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but the locomotive engine had a long course 
probation to undergo before it reached any degree 
of perfection. 



LOSH AND STEPHENSON'S PATENT, 

The next attempt at improvement oo it 
which Mr. Stephenson made was part of 
Messre. Losh and Stephenson's patent in 1816, 
The improvement they aimed at is distinctly 
stated in the specification of their patent to be, 
"sustaining the vreight, or a proportion of the 
"weight of the engine upon pistons, movable 
within the cylindersj into which the ateam or 
water of the boiler is allowed to enter, in order 
to presa upon such pistons, and wiiich pistons are, 
by the intervention of certain levers and connect- 
ing rodsj or by any other effective contrlvaneej 
mode to bear upon the axles of the wheela of the 
carriage upon which the engine rests," 

Fig. 50. page 223. eee show tlie cylinders placed 
within the boiler, one side being supposed removed 
to expose them to view: gffffn.re solid pistons, 
fitting the interior of the cylinders, and paeked 
in the usual way. The cylinders are open at the 
bottom, and were screwed upon the frame of the 
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engine. Tbe piston was furnished with an in- 
verted rod, the lower end of which passed tbrougli 
a hole in the frame, and supported the enginev 
and pressed upon the chair which rested on the 
axis of the wheels upon wliich the carriage moved. 
The chair had motion up and down with the 
piston rod. The pressure of the steam upon the 
piston transmitted the weight to the axle, and the 
reaction took an equal weight from the engine. 
Supposing the area of the cjhndcra and pressure 
on the piston to be equal to the weight of the 
engine, the latter would be supportedj as it were, 
by the steam, thus making the steam serve the 
purpose of an elastic spring. When four wheels 
were used the weight was equally divided upon 
them ; but wlien six whec4s were used, as shown 
in the figure, only one frame was required for the 
carriage, wliich simplified the construction. TIus 
iuvention, like many others, aimed at too much, 
was too complicatedj and not sufficiently precise 
to be of much use. 
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STEAM POWER ON TUENPIKE HOADS. 



Notwithstanding tlie efforts which had been 
made in constructliig locomotive engmes, still, m 
the years 1814 and 1815 travellmg by the chcmin 
defer seemed a long way ofE About this period, 
and extending over eevcmJ yearsj the idea geenu 
to have been prevalent that steam power could 
be advantageously applied to moving carriages 
on turnpike roads^ and consefiuently much skiU 
and capital were spent in the next to fruitless 
attempt to bring these inveations into euccessfnl 
operation. It is interesting to observe how irnich 
progress had been made in this branch of loco- 
motion. The subject has been so fully treated on 
by others, that a simple glance at it will suffice. 
Sevei-al years ago an opinion favourable to the 
rotatory principle of the steam engine invented 
by the Earl of Dundonald for steam carriages 
M'as entertained ; and although this has not yet 
realised the expectationsj neverthelessj according 
to trials made at Portsmouth dock-yard by Mr. 
Taplin, considerable success has attended the 
experimental use of the rotatory engine for 
stationary purposes, although it has not yet been 
sufficiently tested otherwise. 
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It appears that the idea of constnieting a eteam 
carriage adapted for turnpike roads was long 
entertataed by various persona ; among others, by- 
James Watt, m 1 769, to ivhom almost every 
suggestion as to the application of steam power 
Beems to have oocurred. Wattj in the history of 
his own improvements, states, that in 1759 the 
idea originated with the late Professor Eobison, 
then a student at Glasgow, of using steam power 
for locomotion. The idea to use steam for tMs 
purpose also occurred to Evans in America. 
Mr. Trevithickj in 1802, was the first, however, 
who tried, in Britain, to construct a steam car- 
riage suitable for a turnpike road. Mr. Griffiths 
tried it in 1821, and Mr. David Gordon in 1824. 
Messrs. J. and S. Seaward, Messrs. Hill and 
Bnretall, Mr. Hancock, Mr. J, S. Russell, and 
others likewise, tried it ; but of all the projectors 
none seems to have been eo successful as Mr. 
Goldsworthy Gurney. He obtained a patent for 
his steam carriage in 1827, and in 1829 had 
brought it to such perfection that he was enabled 
to ascend with it the highest hills round London, 
and travelled from London to Bath and back. In 
1831 one of his steam carriages ran about four 
months on the road between Gloucester and 
Cheltenham. 

a 3 
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The obstructions which JVIr. Grumey met with 
in using his carnage on turnpike roskds induced 
him to petition Parliaoietit, and a committee of in- 
quiry was appointed. Much evidence was sudduced, 
which ia only now so far interesting aa marking 
an epoch in the science of locomotive travelling'. 
The parport of the opinion of the committee in 
1831, atrange as it may now seem, was favourable 
to steam carriages on public roads, reporting on 
the practicability of working such with saving 
to the public, great increase of speed, and perfect 
Bafety. 

The success of Mr. Gnmcy'a steain carriage 
led to the formatiouj in Scotland^ about ttua 
period (1834), of a steam carriage company for 
turnpike roads. The carriages commenced to ply 
regularly between Glasgow and Paisley, when an 
unfortunate accident occurred, in 1835, attended 
with considerable loss of life from the explosion 
of one of the steam boilere, "which made this 
attempt to introduce eteam carriages on public 
oads 08 abortive as other attempts had proved. 
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PROGRESS OF THE SCIENCE OP LOCOMOTIVE 
ENGINES IN 1825. 



But a new era was about to dawn on the 

science of loconkotion. Railways, till that great 

_ work, the Liverpool and Manchester Kailway, wa3 

f undcrtakeDj were chiefly, as has been noticed, of 

a local character, and not applied to supersede the 

Igrdiuary conveyances. Perhaps the first great 
fcheme of railway transition was proposed in 
1823, namely, a railway from London to Edin- 
burgh, and ail the manutacturing towns. A 
pamphlet of the scheme was published, without 
the author's name, in London, 1823, entitled 
" Observations on a General Iron Eailway for 
l|improTing the internal Communication of these 
Kingdoms, and forming a Railway from London 
to Edinburgh, passing near or having branches to 
all the principal Towns." 
K In 1825, Mr. Wood gives the standard of the 
performance of a locomotive engine, at that time, 
as 40 tons, moved at the i-ate of 6 miles an hour 
ppon a horizontal edge railroad. 

He stated, assuming 150 tb. as the amount of 
I a horse's power, he will draw 10 tons on a railway 
a 4 
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iirith tKe some ea&e tKat he could draw 27 cwt. 
on a common road, travelling 2^ miles an hour, 
while a loeomotive could drag, going at 6 miles 
an hoar, 45 tons, exclusive of carriages. Mr. 
Wood also stated, in 1825, "that nothing could 
do more hami towards the adoption of railroads 
than the pronmlgfition of euch nonsense as that 
we shall see loconaotive engines travelling at the 
rate of 12. 16, 18. and 20 milea per hour." 

It may be thus seen that the locomotive engine 
had not made great advancement, at that date, 
from the period wlien Mr. Stephenson and Mr, 
Dodd had taken out their patent in 1815. StUl, 
the main obstacle having been removedj, and the 
principle of adhesion understood, sufficient data 
had been obtained : — thus, on a machine of 
5 tons weight, on four wheels, the adhesion 
was found equal to 5 cwt., and the amount of 
power being ascertained necessary to overcome the 
adhesion of the wheels to the rails when the 
wheels were fixed to the axle, few obstacles, 
therefore, existed to the progressive improvement 
of locomotives. Accordingly, Mr, Stephenson 
giiidnally improved on his plan, and upon the 
Hagger Leases Lane branch of the Stockton and 
Darlington Railway he had an opportunity of 
testing, on a large scale, the eflfect of locomotive 
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engmesj which have since acquired such extraordi- 
nary powers of velocity. The syatem was first 
brought to the test on this railway, which was 
opened on the 17th of September, 1825. The 
Stockton and Darlington Railway was the first 
public railway, perhapa, in the world, where this 
powerful mocle of transit was carried successfully 
into effect. But, about this period (1824), the 
[Eetton Colliery Railway was likewise worked by 
im power. 

ElfGIlTEj AS LONG tJSED XIVO^ THE KILLING- 

w^ORTn hailroad. 

The following is a description of an engine 

'which was long in use at Killingworth Colliery 

Railroad, and which continued to be used, without 

material alteration, till the year 1829, which 

affords the means of judging of the actual state 

of advancement which the locomotive system had 

attained at that period. F/ff. 52. represents a aide, 

and^y. 53. an end, elevation. 

I The boiler of the engine was made of malleable 

*iTon, cylindrical, with hemispherical ends ; having 

a cylindrical tube passing tlu*ough it within 2 

iches of the bottom. In one end of this tube 

\ie £re grate was placed, and at the other end 
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the cbiniDey. The boiler rested upoa a square 
frame, supported by springs (a a), two oa each 
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Fiff. S-2. 

8ide. The chairs on which the axlea rested were 
made to elide up and down within the guides (ft &), 
and the action of the springs was communicated 
to them by a pin passing through a hole in tlie 
frame of the engine, one end of the pin resting 
on the back of the spring, and the other end on 
the upper side of the chair or bearing. The 
wheels were thus made to yield to the inequality 
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of the road. The cylinders were placed vertically, 
and partly within the boiler at A A. The piston 
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Fig. 53. 

iroda were attached to the cross beams B B, C c. 
The rectilinear motion of the piston rod wae 
[preserved by the slidee (ssss) fixed to the pro- 
jecting arma {c c), and kept perpendicuhir by the 
jtraices (d d). The connecting rods (b c, c d) were 
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attached to the cross beams l*y ball and socket 
jointa, and at the other end by similar joints to 
a pin fixed upon one of the spokes of the engine 
wheel (d d). The pins projected outwarda, and 

upon one of these pins, on each side, a crank (pj^ 
waa fixed, within which the connecting rod of the 
pistons worked, as shown in the end view. A rod 
(fff d) fixed at one end to the crank and at the 
other to the pin in the wheel of the other cylinder 
connected the whole together, and kept the pistons 
always in the same position with respect to each 
other ; and the rod, being keyed fast at each end, 
prevented any slipping of tlie wheels without the 
whole partook of the motion. The wheels of the 
engine were 4 feet in diameter, the spokes made 
of cast iron, and the axles of wrought iron, 3g 
inches in diameter. The steam was communicated 
from the boiler to the cylinder through a passage, 
the area of which was regulated by a sliding lever, 
or handle, which regulated the velocity of the 
engine. The atcam, after being admitted to the 
top and bottom of the cylinder by a sliding valve, 
escaped by the pipe (r r) into the chimney. The 
slide valve was opened and shut by an eccentric, 
connected to the lever f g h, communicating 
motion to the arm i A, through it to the lever k I, 
to the rod / m, to the cross head m n, and so to 
the rod n o, of the sliding valve. 
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The boiler was supplied with water by a. force 
pump P, whioli ivaa fixed to the side of the 
boilerj and worked by a rod t, p is the man-hole 
door to get access to the boiler ; v is the safety 
Talve, with the weight w to regulate the pressure. 

The performance of this engine in 1829, 
weighing with the tender (the carriage which 
accompanies a locomotive engine with the supply 
of water and fuel), about 10 tons, was equal to 
convey 10 tons at the rate of six miles an hour, 
the evaporating power being equal to 15 galL of 
water per hour. 

Notwithstanding the work which the loco- 
motive engines at this period could perform, 
fixed engines were generally preferred, and many 
powerful enginca were in use for working in- 
clines, as has preriously been pointed out at the 
colliery railroads in England and Scotland, It is 
necessary to keep this in view, as it may tend to 
explain the report which was given in upon the 
Liverpool and Manchester Railway ; for, although 
the importance of locomotive engines was gra- 
dually becoming to be more estimated, still the 
knowledge respecting them was very limited and 
confliit'd within a narrow range; and they were 
generally considered at that time as less efficient 
as a prime mover than fixed steam engines. 
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PROJECTION OF TEE LIVERPOOL AND MAK- 
CHESTEB RAILWAY. 

The greatest railway which had been under- 
taken in this country up to this period wag the 
Liverpool and Manchester. The idea of iM 
formation most unquestionably originated four 
years previous to the act being obtained in 1828, 
with the late Mr. William JameSj to whom the 
railway gyfitem of this country is so much Li*- 
debted, while he himself reaped little or no 
benefit from his valuable BUggestions.* To him 
likewise is due the projection of the London and 
BLriningham railway. Mr, Jainea had witnessed 
the operatiouB of the locomotive engine around 
Newcastle on Tyne, and communicated his senti- 
tnent^ on the subject to Mr. Saunders of Liver- 
pool, and impressed him eo niuch with the feasi- 
bility of applying this phu of railway traction, 
that Mr. Saunders, to whom the honour of being 
father of the undertaking has been given, had a 
survey made of the line at hia oivn expenBe. 

The Liverpool and Mandiester E*ilwayj at 
first met with consitlerable opposition in par- 

* A aubscriptinn has lately been got up in England f 
tribute to the memory of Mr. Jamea, 
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liament. It was resolved, July 1825, that Messrs. 
G. and J. Rennic should be the cDginccrs. Meftera. 
Itennie, from some cause or other, retired, and 
Mn George Stephenson, wto had been appointed 
resident, 20th of May, 1824, was elected principal 
engineer, 29th of May, 1826. At that period, 
and during the progi-ession of the work, and as 
it drew towards completion, both the directors 
and the engineers turned their attention to the 
moving power to work it : but so little, how- 
ever, waa really loiown, either as to the capa- 
bilitiee of railways, or the most advantageona 
mode of working them, that when the line was 
proposed, the transport of heavy goods was con- 
sidered to be the chief source of revenue of the 
-line : neither was the prime mover to work it 
fully decided upon till it was nearly completed ; 
demonstrating, beyond a doubt, how little was 
really known of the power or advantages of 
locomotive engines. That horse power was not 
Biiitablc for an extensive traffic with conaiderable 
velocity, wae admitted ; and, although the Stock- 
ton and Darlington line had done much to show 
the capabilities of locomotive power, it became q, 
question of some difficulty for the directors to 
idecide on the comparative merits of locomotive 
•^ajid fixed enginee. Different opinione were of 
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course given to the directors on the rather per- 
plexing |K)iut of the motive power. One of 
the first decide<t opinions that I have met with, 
on the mode of working the line, emanated from 
Mr. C. Sylvester, C. E., in a Beport on E^U- 
ways and Lfocomotive Engines, addressed to the 
Committee of the Liverpool and Manchester 
projected Kailroad, dated November, 1824, and 
published in Liverpool in 1825. Mr. Sylvester 
had made an examination of the engines at Kil- 
lingworth and Hetton collieries, the latter being 
one of the first niilways where eteam power was 
adopted, and found "thiit a locomotive could move 
up a plane, a little more than an eighth of an inch 
to a yai-d; but beyond that the wheels turned and 
made no progress : " but he stated that the advan- 
tages of a rdilrotid on which locomotive jwwer 
was used were ao striking, that it was a matter of 
surpriae to hipi this mode of conveyance had not 
been resorted to earlier. " The adoption, how- 
ever, was now inevitable, and when applied in 
proper places and under judicious management, 
it could not fad of becoming highly beneficial to 
the public." He recommended the locomotive 
steam engine as the most economical power for 
every part of a railway in which the rise js not 
more than one tenth of an inch to the yard ; and 
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tated tliatj in examining the Liverpool and Man- 
lester intended line, he found the greatest rise, 
Lud tlmt only in one inatance, to be not more 
than one twenty-third part of an inch to the 
imile. Mr. Sylvester also states, that " since com- 
lencing my report, the principles I have laid 
lown have been given in a newspaper called the 
I* Scotsman,' in which the author speaks of it as a 
lew idea, at least as applied to raHwaye, although 
ijt ia founded on facta long ago given by Coulomb 
ind Vincc. Whatever may be the claim to origi- 
nality, in this application, I have at least an equal 
^_ claim to originality with that authorj as my 
B Introduction, which developes these priuelples, 
^■:waa read by several of my friends before the 
^■yH^ve article was made public." 
^^ The communication to wliich Mr. Sylvester 
refers in the " Scotsman," were certain papers on 
^LKailwaya written by Mr. C. Maclaren, editor of 
^■that paper, and published in December 1824. In 
^^ these articles Mr. Maclaren brought forward and 
supported the views of Coulomb and Vince, with 
^•respect to friction and volition, namely, that the 
friction ia the same for all velocities, which had 
been overlooked by other writers ; and that it fol- 
llowcd, from this law — subtracting the resistance 
[of the air — that if a car were aet in motion on 

a 
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a level railway, with a conetant force, greater in 
any degree than was required to overcome the 
ictton, it would proceed with a motion con- 
tinually accelerated ; and that it is only the re- 
sistance of the air, increased as the square of the 
velocity, that prevents this indefinite acceleration, 
The papers of Mr. Maelarcn display much ability; 
andj at a time when so little was really known of 
any other impelling agent for railways than the 
draught of horses, ilr. Sylveater'a views werCj 
however, founded on practical observations ; and 
the very decided maimer in which he ^ves his 
opinion in favour of locomotive engines, when so 
much dubiety existed about an invention wliich 
has since awaken mankind from comparative tor^ 
pidity to active volition, ehows that he had 
formed a correct estimation of its utility, 

Mr. Sylvester's able report probably had some 
influence on the Board of Directors of the Liver- 
pool and Manchester Railway 5 for we find three 
years afterwards, October 1828, a deputation of 
the directors visited the different railways where 
steam power was used, as the Hetton^ Darlington, 
and Newcastle KaUwaye, for the purpose of ob- 
taining information : and Mr, Booth states iu 
hia pamphlet that several of the directors became 
favourable to the adopting the locomotive power 
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[of traction. At length, when the railway drew 

Howards completion, Measra. Walker and Riistrlct, 

engineers, were engaged by the company to visit 

I the various local railways, and to obtain practical 
information respecting the comparative effects of 
Btationary and locomotive engines. The rejiorta 
flf these engineera were published aeparately at 
the time, March 1829; but they both concuiTed 
in opinion that fixed engines were preferable to 
locomotive ones, and aceordingly recommended 
their adoption. They proposed the fixed engines 
to be placed at intervals of a mile or two along 
the line of railwayj and to draw the trains by 
Itncans of ropea from atation to station. 

Mr. George Stephenson, the company's cngi- 
leer, and Mr. Joseph Locke, were also requested 
Ito report on the subject of the motive power, 
[•The purport of their report was, that Mr. G. 
Stephenson was decidedly, aa he had uniformly 
jeen, in fiivour of locomoti\'C engines, which he 
twas confident would be found the most eoiivenient 
power that could be employed, and it ie stated 
^■that when he waa examined before a Committee 
of the House of Commons, in 1828, his claim to 
credibility was almost doubted when he spoke- of 
locomotive engines going at a greater speed than 



rlO miles an hour. 
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The Directors of the 'Liveq>ool and Manchester 
Railway eventually resolved to adopt the loco- 
motive principle of traetioii; and the idea ori- 
ginated with Mr. Harrison, one of the directors, 
to offer a premiura for the best engine which 
could fulfil certain conditions. The directors, 
therefore, on the 25th of April, 1829, offered the 
8uia of 500/. Tlie chief stjpulutions were — 

1. That the engine must "ed^ectus.llj consume its own 
a moke," accord! ng to the provision of the Railway Act, 
7 Geo. lY. 

2. The engine, if it weighs six tons, must be capable of 
drawing after it, day by day, on a well constructed railway, 
on a level plane, a train of carriajes of tlic gross weight of 
twenty tons, iticluding the teenier and water-tank, at the 
rate of ten miles an hour, with a pressure of steam on the 
boiler not exceeding SO lb. per square inch. 

3. There must be two safety valve«, one of which must 
be complatcly out of the control of the engine nmn, and 
neither of whicit must be fastened down when the engine ia 
working. 

4. The engine and boiler must be supported on spriagg, 
and rest on aix wheels, and the height from the ground to the 
top of the cbituney must not exceed 15 feet. 

5. Tho weight of the engine, with its complement of 
water, must not exceed aix tons, and a machine of leaa weight 
will be preferred if it draw after it a proportionate weight; 
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«nd if the weight of the engine, &c. do not eiceed five tons, 
then the gross weight to h« tJrawii need not exceed fifteen 
tons, provided that the en^tie, &c. shoJl st[l[ be on six vhecb, 
ufllcaa the weight be reduced to four aad a half tons or under, 
in whieh case the boiler, &c. may be placed on four wheels. 
And the eompatiy tthouhl be at liberty to put the hoiJer, the 
fire-tube, cylinders, &c. to teat at a pressure not exceeding 
IJO lbs. per square inch, &c, 

6. There muat be a mercuriai guage aiBxed to the ma- 
chine, with )nde,x rod, showing the st<^am pressure above 
45 lbs. to the Bijuare inch. 

7. The en "fine to be delivered, complete for trial, at the 
Liverpool end of the railway, not later than the 1st of 

ober, 1829. 
The price of the engine which may be accepted not to 
exceed j£a50, delivered on the railway. 

N,B. The railway company will provide the engine ten- 
der with a. supply of water and fuel for the experiment. 
The distance within the raila is 4 feet 8^ Jucheii- 

Such was the propositi which led the wtiy to 
those Important iraprovcmeDts which the loco- 
tmotive engine lias attained. The conditions seem 
to have been drawn up with as much consideration 
aa the imperfect knowledge of the subject^ at that 
time, permitted. But the main point brought 
lout wa£ — tlmt engines, for such a purpose, mugt 
[posaese lightnesBj compactness, and perfect safety 
rwith speed. The condition of fixing as tlie mini- 
mum 10 miles an hour, evinces how little was 
[really known of the capaLilities of the locomotive 
powers of traction^ still it did not preclude the 
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competitors from trying their skill in increasing 
'iha velocity. 

The stimulus of a premium had the effect anti- 
cipated in obtaining a compctitionj for several able 
manufacturing engineers turned their attention to 
the subject, which led to the development of the 
principle upon which a moveable engine should 
be constructed to be successful. 

The 6th of October, 1829, waa the day fixed 
for the trial ; aod the directors, to assist their own 
judgment in coming to an impartial decision on 
the merits of the enginea 'which might be pro- 
duced, appointed as judges, Mr. J. W. Rastrick 
of Stourbridge, Mr. Kennedy of Manchester, 
and Mr. Kicoka Wood, C. E., of Killingworth. 

In order still further to ascertain the compara- 
tive merits of the competing engines, to subject 
them to a practical test, and to point out the mode 
in which the experiments were to be conducted, 
the judges drew up the following (among other) 
regulations ; — 



1 , That tbe weiglit of each locomotive, with its full com- 
plement of water in tlie boiler, should be ascertained at the 
weighing of tbc engine at 8 o'clock in the morning on the 
day of trial, and the load assigned to it shall be three timet 
tbe weight thereof. Tbe watar in the boiler shall be cold, 
and there shnl! be no fuel in the fire-place. As mufii fuel 
shall be weighed and as much water sliall be measured and 
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delivered iato the tender-carriage as the owner of tie 
engine may consider aufficient for the supply of tbc engine 
for a jouraey of 32 i miles. Tke fire in the boileT shall then 
be lighted, and the quantity of fael consumed for getting 
up the steam shall be deterininetl and the time noted. 

2- That the teniler-tarriage, with the fuel and water, 
shall be considered to be, and taken as part of the toad 
assigned to the engine ; those engines carrying their own 
fuel and water shall be allavrcd a, proportionate deduction 
from their load according to the weight of the engine. 

3. Ttie engine and carriages attached to it shall be run 
by hand up to the etarting-post, and so snon as the steam ia 
got up to 50 lbs. per stiuare inch, the engine shall start upon 
its journey. 

4. The distance the engine shall perform each trip ehall 
be one mile and three quarters each way, including one-eighth 
of a mile at each end for getting up the speed and for stop- 
ping the train. By this means the engine, with ita load, will 
travel one and a half mile each way at full speed, 

5. Each engine shall make ten trips, which shall be equal 
to a journey of thirty-five miles, which shsdl be performed 
at fall speed, and the average rate of travelling shall uot be 
less than ten niiJes per hour. As soon as the engine has per- 
formed this task — which wUl be equal to the travelling 
from Liverpool to Manchester — iheie shall he delivered to 
her a fresh supply of fuel and water, when she shall go 
up to the starting-post and make other ten trips -^ which 
will be equal to the journey from Manchester back to 
Liverpool, 

6- The time of performing each trip shall be accurately 
noted, as -well as the time In getting ready to start on the 
second journey ; and should the engine not be enabled to 
take with it suilicicnt fuel and water for a journey of ten 
trips, the time occupied in taking in a fresh supply shall be 
wnsidcred as port of the time performing the journey. 
R 4 
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In Accordance with tbeae regulations, and some 
additional onea hj the directors, the engines were 
to be in residlaess at ten o'clock on Tuesdaj, the 
6th of October, 1829. The running ground was 
a part of the railway on the MancJjester side of 
Rulnlull Bridge, and no person but the directors 
was to be permitted to enter or cross the railroai 

The ground fixed on at Rainkill waa a level 
piece of road, a,bout two miles in length, and 
about ten miles from Liverpool, on the top of the 
Wliiston and Sutton inclined planes, between 
Hayton Lane and St. Helen's junction. 

On the day appointed, four engines entered for 
the prize : — 



^ 



The Rocket - Mr. Robert StepTtenson. 

The Novelty - Messrs. Braitliwaite and Erickaon. 

The Sans Pareil - Mr, T, Hackworth. 

The Peraeverance Mr. T. Burstall, 






One of these engines, the Perseverance, having 
met with an accident in its conyeyance to Livei^ 
pool, waa withdrawn at the commencement of 
the experiments, so that the contest lay between 
the three first. 

After preparing the engines for the contest, 
and exhibiting their jiowers to the company as^ 
Bcmblcd, the judges then came to the deter- 
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HminatioQ that each engine should be tried ou 

^fdifferent days, the ground being marked off. An 

eighth part of a mile at each end of it was allotted 

for etarting and stopping, and, on the intermediate 

^-level space of a mile and a half, the engine was 

^Pfco proceed at its full speed, and the rate of 

Telocity was to be ascertained by one of the 

judges being etationed at each end of the ground 

I to mark the time taken in traversing and reaching 
Ihe extremities, the engine dragging the train the 
Due way, and pushing it before it the other. 



EXPERIMENTS WITH THE EOCKET ENGINE. 



The Rocket being first ready, was first put on 
^^jdaL It weighed as follows : — 

^^^K. toaa. cvt cirt. Ibi. 

^^nEngine, vhh a supply of water ia the boiler, 4 S 
^M Tender, with water and coke, - - - 3 4 
^H Two carriages, loEuled with stones, - - 9 10 3 26 

I " 



Total weight when set in motion - 17 



Fi^, 54, reprcacnts a side view of the engine 
^and end view of the boiler. A is the boiler, with 
flat ends, 6 feet long, 3 feet 4 inches diameter ; 
at one end of it ia the fire-bos B, which ia double, 
as fihown in cross section. The size of the fire- 
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box was 3 feet long, 2 feet broadj and about 3 feet 
deep ; at the bottoni of it the ftre-bara (F) were 
placed. It wa3 supplied with water by the pipe 
(C) on the under side communicating with the 
boiler, and another pipe (D)^ at the top permitted 
tlie steam to pass into the boiler. The upper half 
of the boiler was used as a reservoir for steam, 
and the lower half filled with water. The waste 
steam from the two cylinders escaped into tht 
chimney by the pipes (E), shown over the boiler 
in order to produce a draft. 

Through the lower part of the boiler 25 copper 
tubes, 3 inches in diameter, extended longitudi- 
nally, opening at one end into the fire-bos and at 
the other end into the bottom of the chimney. 
There were two cylinders placed diagonally on 
the outside of the boiler, one of which is seen in 
the cut. The pietona of the cylinders were 
8 iucheg in diameter, with a stroke of 1 6 j inches. 
The cross heads of the pigtone worked in guides, 
and by means of connecting rods tranaferred the 
motion in a very simple and effectual manner to 
one pair of large wheeb, 4 feet 8^ inches in 
diameter, the pistons Iwing so arranged in the 
usual manner that while one was in the middle 
of its stroke the other was at the end of the 
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From the sketcli it will be observed that tlie 
boiler, which shall afterwards be more particuUu:ly 
noticed, differs entirely from those of the locomo- 
tive engines previously described, as there are 
several tubes, instead of one large flue through 
the boiler, for the purpoee of raising ateam more 
rapidly by having n larger surface of heated metal 
in contact with the water. 

From the exposed inclined position of the 
cylinders on the outside of the boiler, a great 
disadvantage arose from the loss of heat and con- 
sequent diminished power of the steam, although 
it had the advantage that the machinery inter- 
fered lesa with the play of the springa ; in making 
their engines, however, Bubaequently, the cylin- 
ders were placed horizontally in a chamber under 
the boiler, or in the smoke-box. 

The area of Burface of the boiler exposed to the 
direct action of the fire, or the radiant heat in the 
fire-box or furnace, was 20 square feet ; the sur- 
face exposed to the flame, or heated air from the 
furnace, which has been termed communicative 
heat, was 117"8 square feet, and the area of the 
grate bars was 6 square feet. The nuisance from 
smoke was avoided in a great degree by using 
coke for the fuel, but there was no plan or pro- 
vision made for consuming the smoke- 
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The result of the esperiinenta made on the 

IHocket was as follows : — The engine waa taken 
to the extremity of the stage, the boiler being 
quite cold. The fire-box was then filled with 
coke, and the fire lighted. The time was observed 
which it tcmk to raise the safety valve at a pres- 
sure of SOlbe. on th.e square inch, wbtch was 57 
I minutes. When the steam was at this pressure, 
Tvhicli was at 10° 36' 5" o'clock, the engine started 
from the west extremity of the stage, and arrived 
at the Bsme place, after performing ten trips, or 35 
miles, including the one eighth at each end for 
—^starting and stopping, at 1° 48' 38" o'clock. The 
B "total time occupied was 3° IF 48"; and the time 
taken in going 30 milcB at full speed was 2° 14' 8", 
being equal to 13^*^ miles per hoitr. In the second 
e^tperiment the total time occupied was 2" 57' 9'', 
and the time in going 30 miles at full speed 

12° 6' 9", being equal to 14/jj miles per hour. 
The maximum velocity waa above 1 9 miles in the 
first journey and 20 miles in the second journey, 
aud the minimum velocity in the first journey was 
lly*Y and in the second 13 miles. The greatest 
rate of motion attained was in the last eastward 
trip of 1 ^ miles, wliich was performed in 3' 44", 
being at the rate of 29^ joUcs per hour. 

The eastward trip is to be taken aa the per- 
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formance of the engine, asj In going east, the en- 
gine dragged tlie carriages after it, whilst, in 
going west, it pushed them before it; the former 
were invariably performed in Icsa time. Taking 
tbe eastward trips, the average speed, conveying 
17 tons, was 15 miles an hour. 

The quantity of coke consumed in the two 
esperiments waa 1085 lbs., which, for 70 miles, 
including the engine and tender, is 0'9l lb. ; 
exclusive of ditto, 1'63 lb. per ton per mile. 

The quantity of water used was 579 gallone, or 
92-6 cubic feet. 

For each cubic foot evaporated, the fuel con- 
sumed waa ll7*jj lbs. of coke, and the evaporating 
power of the engine, per hour, was about 18*24 
cubic feet of steam* 



EXPERIMENTS WITH THE SASS PAREIL ENGINE. 



Tlie Sans Pareil of Mr, Hackworth was the 
next engine experimented with. This engine was 
not unlike Trevithick*a. It had two cylinders of 
seven inches in diameter with eighteen inches' 
length of stroke. One vertical cylinder waa playced 
on each side of the boiler, and directly under 
them one pair of the carriage wheela; both the 
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pistons of the cylinders worked tbc same axle. 

i^The two paira of wheels were coupled together 

by connecting rods in order that the adhesion of 

le whole might be taken advantage of; — a 

plan which has since been advantageonslj made 

ae of. 
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Fig. 56. 



Fig. 55. represents the side elevation of the Sans 
Pareil, and Jig. 56. the ground plan of the boiler. 

The principle of raising the steam was the same 
aa that of the Rocket, namely, by the chimney 
acting as an exhausting power in keeping up the 
combustion of the fuel, and the steam from the 
cylinders being ejected into the chimney. The 
boiler was of a cylindrical form, about four feet 
two Lnchea in diameter, and six feet long, having 
one flat and one round end. The steam waa 
generated in. the double tube b b, wliich passed 
from one end of the boiler (a) to the other, re- 
taming to the fire grate, which was placed at the 
same end as the chimney c. The tube b b projected 
about three feet from the end of the boiler, having 
a casing surrounding the tube for increasing the 
area of heating surKicCj and to admit a sufficiency 
of air to paaa through the fire-grate. The tube 
was two feet diameter at the fire, decreasing to 
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fifteen inches In diameter at the cliimney. The 

grate-bars were five feet in length, and the area 

surface radiating caloric or that surface exposed 

the direct action of the fire was 15*7 square 

feetj and the area in contact with heated air or 

communicative heatwaa 74*6 square feet, the area 

the fire-grate was 10 square feet: the two 

brmer were much leaa than those of the Kocket, 

,nd the last larger* 

Torn cwt. qrit, Ibl. 

»e weight of tlae Sans Paroil was, with water, 4 15 2 

^Tender, with water and fuel, - • - 3 6 3 

ee carriageB, with stones - - - 10 If) 3 



19 2 



This engine was tried in a similar manner to 
the preceding ; but the last esperiraent was not 
completed from the derangement of tlie engine- 
pump : but, 80 far as the trial waa made, the 
result was inferior to the Rocket. 

At full speed ten miles were performed in 
60 ' 49 ", which waa equal to 12y'^jj miles per 
hour. 

The maximum velocity in one trip was I63 
miles per hour, and the minimum was I2| ditto. 

The greatest velocity attained waa in the fifth 
trip, when 1^ mile was traversed in 3' 59", being 
at the rate of 22^ miles per hour — whereas the 
8 
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4". 



Rocket had traveraed the same cliatance in 3' 44 
or at the rate of 29^ mDes per hour. 

The consumption of coke was 6921bg. per houTj 
or 28-8lba. for each cubic foot of water evaporated, 
being moro than double that of the Rocket, and 
the evaporating power being equal to about 150 
gallonsj or 24 cubic feet of water per hour. 

The coke used, including engine and tenderj 
■vvas 2 -4 libs, per ton per niile; and exclueive of 
ditto, 4 "albs, per ton per mile. 

It ia estimated that the performance of thia 
engine was 19|^ tons, or 11 tons exclusive of en- 
gine and tender, conveyed at the rate of 15 miles 
an hour. 



EXPEEIMENTS WITH THE NOVELTT ENGINE. 

The Novelty of Messrs. Braithwaite and Erick- 
Bon was tried on the 10th. It wag a, very light 
engine, and promised well till an accident to the 
boiler terminated the experiment. The principle 
was different from that of the other two, as the 
draught was produced by a blowing machine, the 
air being forced through the fire to produce the 
requisite draught. 

Mff. 57. ia a aide elevation of this engine, show- 
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ing steam generator or boiler, which was its pecu- 
liar noTelty. 




An<J^;5'. 58. is vertical section of the same. 

ia the geneiator or boiler, arranged in the usual 

f&j, the lower part for water and the upper por- 

_tion for steam; connected with this was a hori- 

sntal recipient B, which being under the level of 

s % 
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water in the uprigtt generator, A, is always filled 
with water. The vertical tube C passes througli 




^^^KiF 
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closed, and the air was supplied tlirougli the tube 
E by the bellows D, which were worked by the 
engine, and sent the air to underneath the grate- 
bars for combustion. The air, after passing through 
the fire, was made to traverse a winding tube eee, 
within the horizontal generator, and passed into 
the atmosphere through the pipe G, K is the 
cylinder which gave raotioQ to one pair of wheels 
by means of a crank, the other being connected, 
when reCL*^^^? ^J ^ chain. 

H 13 a pipe through which the steam passed 
from B into the steam chamber. The principle of 
operation being that the air was forced through 
the fire with velocity, and the heated air and 
flame forced along the winding tube. The area 
of the grate-bara was only 1*8 square feet. The 
surface of radiating caloric was about 9'5 square 
^Beett and the area of communicative heat by 
means of the traversing tube about 33 square 
feet 

The weight of the Novelty was as follows : — 



I 



Tom cnt. qn. lbs. 

Engine, with water in the boUer - - 3 1 
Tender, with water, and fuel - - IS 14 
Two carriages, loaded with stones - 6 J7 

10 14 14 

The steam having been raised to oOlbs. pressure 
a 3 
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on the square loch, it was tried in a similar way 
to the Kocket. After several attempts made to 
run the engine^ but which were unfortunatelj 
unsuccessful^ froui parta of the machinery giving 
way, Mr, Erickson withdrew from further compe- 
tition. No conclueion could be formed by the 
experiments of the power of thig cjnginc ; or the 
.quantity of steam which could be raised in a 
given tlme^ or the fuel required for it* The 
whole time occupied, in the short trial made, la 
trayersing a distance of 4^ milesj was 22 ' 57 ''. 
From a statement at the time by Mr. Vignoles, 
in the " Mechanics' Magazine," with a weight 
estimated at 10 tons 6^ cwt., the eastward 
trip, 1^ m,ile waa traversed in four minutes and 
thirty-nine seconds, being at the rate of 17|^ miles 
per hour, and the westward trip at the rate of 
15 miles per hour. 



aSSOLT OF THE COMPETING EXPEKIMENXS. 



Thus terminated the interesting competition, 
and the prize of 500,?. was awarded to the Kocket 
of Mr. Stephenson, aa having performed all the 
contlitiona and stipulations required of the com- 
petitors, lo reviewing the subject of thia compe- 
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titioD, it need excite no siirpriae that IVIr. Robert 
StephcQflon was the succegsful competitor, when 
we observe from the history of the invention of 
the locomotive engine, that he had long before 
directed hia attention to it, and had thus a ftiir 
advantage over the other candidatea, and from hia 
pructlciU knowledge in seeing the working of these 
machines, he knew where the defects lay ; and 
he thus had a good clmQce of effecting Improve- 
menta. 

As the practical restdts of the^e experiments 
were most important to the science of locomotion, 
it is useful to have a clear conception of them ; 
beaidea, in general this point ia raianDderstood. 

It should be kept in recollection that till these 
experiments, the maximum performance of an 
engine, weighing with tender about ten tone, was 
equal to convey 40 tons at the rate of sue milea 
an hour, the evaporating power being equal to 
about 15 gallons of water per hour: or to take 
the estimate which Messrs. Walker and Ilastrick 
have given, after examining the different railways, 
that an engine weighing with its tender 10^ tons 
was only capable of conveying 194 tons, or a 
gross weight of 30 tons, including engine and 
tender, on a level railway at the rate of 10 miles 
an hour, 

s 4 
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When the moat emineDt engineers in tliia 
country were entirely at variance in opinion as 
to the best mode of tractioiij and considered it 
next to hopeless for locomotive engines to attaia 
a greater velocity than 10 miles an hourj the im- 
portance of eiich experiments as those tried at 
Liverpool must be appai'cnt. It may be proper, 
in explanations to state, that amongst the erroneous 
opinions at this time prevalent, were, that the 
heavy weight of locomotive engines was an 
insuperable objection to their use ; that they had 
already reached a maximum, and could not be 
made more powerful without injm'iog the rails • 
that as, at 15 miles an hour, the groaa load carried 
was only 9^ tons, no useful pi-actical reeult could 
be obtained by such engines at a rate of speed 
above 10 raUes an hour. 

The deduction from the experiments with the 
Rocket proved that a reduction of three tons of the 
weiglit could be effected without a diminution of 
the power, and that the consumption of fuel could 
be diminiflhed 50 per cent, from that of the old 
engines, while the steam at the same time could 
be generated more rapidly. This was the chief fact 
elicited by these experiments ; for as the weight 
to be drawn was restricted by the stipulations, the 
results broi^lit about were not the carrying a 
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greater load at more rapid spcedj or tiTcn a greater 
amount of Avork done. The important fact was, 
however, developedj that the power of these 
engines niight be extended bj increasing their 
evaporative propertjj without increasing propor- 
tionally their general weight. As the power of 
these engines is greatly dependent on the eva- 
porating principle^ it was at once ahowB, that 
an engine of three tons leas weight than another^ 
^ could more easily perform the same work: if the 
former light engine was proportiunally increased 
in weight it could likewise be increased in power, 

Pand the weight might be added if necessary to 
the steam generator, or to such parts of the ma- 
chinery as might be deemed requisite to obtain 
the power requii-ed. 

This may appear to be a very simple deuoue- 

^Rmcnt to these experimentSj which excited so much 

public attention ; but the results were practically 

most important, aa subsequent events soon proved. 

Engines were afterwards made of greater weight 

and greater power, for the secret had been disco- 

^fcvercd wherciu lay the power; and, in place of the 

^^ weight of the engine being an obstacle to its tractive 

P agency, the arcanum of volition lay in its adap- 
tation : this point is not generally known or 
underatood- To the Liverpool and Manchester 




experiments may be therefore attributed the dis-i 
covery of the vaat capabilitiea of locomotive 
eugmes ; yet the mere contrast of these trials, with 
the power and rate of speed at which the same 
distance can now be gone over, shows how rapid 
has been the improvement since that time : still, 
in all essential principles the Rocket was so perfect^^H 
that the principles of the locomotives in use atr^ 
the present day are much the same : thus at once, 
as it were, locomotive travelling approached to 
maturity. 



OPESriNG OF THE LITBRPOOL AND UAHCHESTEl 
SAILWAT. 

The Liverpool line was opened on the 15th 
September 1830, and the day will belong remem- 
bered by those interested in railway affairs, asso- 
ciated too, as it is, with the fatal accident which 
deprived thia country of that talented statesman 
Mr. Huskisaon. 

So great was the rapidity of transit by thl 
railway, and the weight of goods transported, tha 
one feeling of astonishment pervaded the kingdom. 
Loads from 50 to 150 tons and upwards wer^H 
drawn alonor with ease at the rate of 20 to 3C^^ 
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milea an hour. All the prejudioea against loco- 
motive engines as a tractive power were at once 
dissipated ; the eyea of the public ivcre opened 
to the success, and capabilities of a mode of in- 
lautl transitj wliieh rumour, with a thousand 
tonguesj had magnified into one fraught with 
danger and alarm. Friend by tliis rapid mode 
of transit lias been brought nearer friend ; 

(personal intercourse has taken plaee instead of 
tardy con-espondence ; nations as well as districts 
have become amalgamated, A profitable invest- 
ment of capital has been pointed out which here- 
tofore had not been sm-mised ; and every one may 
take a common interest in the road over which lie 
travels, and participate in the profits derived from 
it. Such, indeed, about that time, was estimated 
the amount of saving to be attained by the 
country by the inti"oduction of steam transit, that 
one locomotive engine (and that was before they 
• had attained the perfection since done) capable of 
conveying 150 tons 200 miles, or 30,000 tons one 
H mile, was considered equivalent to the daily work 
of 7,500 horses on a turnpike road, or 375 horaes 
working on a railway. Notwithstanding this ap- 
preciation of the vast capabilities of this extra- 
H ordinary motar for rapid motion and great power, 
H for several years the advantages of the invention 
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do not appear to have been generally understood 
or appreciated by the country : indeed, so little 
muat have been foreseen by many the present 
Bucceas of railways, that it ia remarked, but a few 
years ago, under the head of Railway, in M'Cul- 
loch'a Dictionary of CommeLrce, when alluding to 
the Liverpool and Manchester Railway, — " we 
doubt much whether there may be many more 
situations in the kingdom where it would be pru- 
dent to establish one." 

From the period of the opening of the Liver- 
pool and Manchester Railway the prodigious 
exertions almoat exceed credibility which have 
been made in Britain to extend railway com- 
munication ; and the commencement of so many 
new lines will bring the remotest districts of the 
country to participate in the benefits of this mode 
of transit. In Britain not leas attention ia now 
paid to introduce every Improvement which talent 
can suggest, both in the construction of the loco- 
motive engine and of the railway. In 1831 one 
locomotive engine drew 50 tons up the inclined 
plane at Rainhill, 1 foot in 96, or 55 feet per mile, 
at an average of 7^ miles per hour, and a stea.m 
engine was capable of di-awing on a level 90 tons 
about the rate of 20 miles an hour. At the present 
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time tlie power of locomotive engines has been 
greatly increased. In 1831 the cylindera were 
used 10 to 12 inches in diameter. In 1832 one 
engine, the Sampson, had the cylinder of 14 
inches; whereas engines are now provided with 
cylinders 14, 16, and 18 inches in diameter, and 
the driving wheels also have been enlarged in dia- 
meter: thus increase of power and average speed is 
gained. The distance from Edinburgh to Glas- 
gow, 46 miles, which till lately took two hours 
ftiUy, la now gone over by the mail trains in an 
hour and a quarter, and by heavy trains of wag- 
gons at 30 miles an hour; but this is little to some 
of the EngHsli railwaye, on which fifty miles, In- 
Bcluding Btoppagea, is the daily speed of swift 
trains, and a mile per minute, or 60 miles an hour, 

I is frequently gone. An express train on the 
Great "Western has gone 194 miles in 3 hours 
and 38 minutes, drawing 59 tons: allowing 32 
minutes for stoppages, this gives a i^te of 63 miles 
an hour ; and even this bardly satisfies the im- 
patient traveller. On the same line 194 miles is 
Kgone over in 4^ houre, which is the usual rate, 
ineluding stoppages, and 40 loaded waggons are 
drawn with great case. Perhaps nothing has 
yet been done in railways equal to America. A 
B locomotive, constructed by Norria, Philadelphia, 
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is stated to have drawn on a railway near that 
cityj a train of 158 iron coal-waggons, whicli 
weighed 1268 tons, turning curvea of 700 feet in 
radius with facility, and going over a dietance of 
84 miles in 8 hours and 3 minutes. 

By successive improvements made in loco- 
m.otive engines, such aa incloaing the cylinder, 
already noticcdj and which was exposed In the 
Rocket, and by casing with timber the boiler, 
the fuel, 2*41 lbs. of coke, required to transport 
a ton. per mile by the Rocket at the opening of 
the Liverpool line, has been reduced to a quarter 
of a lb., or even less, consuming a ^ gallon of 
water. The inclosing of the cylinder in the 
smoke-box at the front of the engine haa been a 
great improvement, as a great waste of heat arose 
from the rapid motion through the air. The 
chamber where the cylinder is placed receivee 
heat from the end of the boiler-tubes, while a 
direct action is attained between the piston rod 
and the connecting rod to the crank axle and 
eccentric fixed on it, whicli works the slide valve. 
Another great improvement in the construction 
of the locomotive engine is considered to be the 
blast pipe. Before the blast pipe was introduced 
the locomotive engine la stated to have made com- 
paratively little noise, for the steam escaped 
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DESCRIPTION OF THE MODERN LOCOMOTIVE 
ENGINE. 



directly into the atmosphere. The blast pipe re- 
ives the steam after its exit from the cylindere 
at each stroke of the engine, and conducts it to 
the bottom of tlie cMmnej, where it is blown up 
with the flame and hot air rushing through the 
tubes in the boiler towards the chimney, the blast 
pipe being proportionate in diameter to the 

r 

^ The improvements in locomotive engines have 

of late years followed each other ao mpidly that 

it ia barely posaible to detail them. The main and 

^^distinguishing features, howeverj remain the same. 

^f Having given a sketch of the history of the 

locomotive engine from the invention of Trevi- 

tliick tin the improvementB effected on it by the 

^contest on the Liverpool and JIancheater railway, 

^B I shall now give a brief description of the engine 

^mms at present used in this country, on the con- 

tinent; and in America. Although it is necessary 

to observe tlmt, from the frequent alterations 

making in the details, or different parts of it, 

iny description but of a general kind must be 
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imperfect ; it is impossible to explain the varioua 
parta without full dravvinga. The cuts annexed 
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""will serve, therefore, merely to give a general idea 
of the forniatioD. 
^B Fig. 6%. is a side elevation of a locomotive 
engine, and Jiff, 60, is a longitudinal section of 

•the eaine. 
The boiler ia represented {fig. 59.) cased with 
wood in order to economise the heat and prevent 

■ radiation, and sometimes flannel is placed between 
tte iron and wood ; the steam dome (usually of 
polished brass) and other parts, are made double, 
^b By referring to the cut of the Eocket engine 
(^y. 54.), it will be observed that the cylinders 
are exposed at the aides of the boiler, whereas in 
the modern enginesj for the reasons assigned, the 
cylinders fiscd to the frame-work of the boiler are 
placed horizontally, concealed, and kept at a high 
temperature under the boUcr, in the chamber into 
which the heated air passes from the tubes in its 
passage to the chimney \ but when very powerful 
^engines arc required in working np steejj inclines 
'for short distances, it has been the practice, in 
order to obtain more room for the machinery, to 
place the cylinders diagonally outside the boiler, 
shown in Jig, 54. The powerful engines at 
e tunnel near Glasgow, on the Edinburgh and 
lasgow Eailway> and elsewhere, are made in thia 



I 



i 



manner. 



The engine (^gs. 59, and 60.) is represented 
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mounted oa six wheelsj winch is the plan now 
generally adopted, tilthough for a loug time, not- 
withstanding the stipulations of the Liverpool 
and Manchester contest, engines on fuur wheels, 
as in the oldest plfin, were used. The large cen- 
tral wheels arc called the driving ones, and some 
engineers have removed the flanchea {rom them 
to get rid of the lateral strain, having considered 
the flanc'hes on the two pair of small wheels were 
EufBciDnt for guiding, and use the large ones more 
for propelling or rolling the engine. Other en- 
gineers retfun the flanches as an additional ee- 
curitj, to prevent the carriage running off the 
rails. The size of the driving wheels are adapted 
to the views of the engineer in reepeet to the 
power of the engine and gauge of the railway: 
they are commoidy from 6 to 7 feet in diameter, 
and the small wheels from 3 to 4 feet, and 4j 
inches broad. 

Coupled driving wheels are now common both 
in this country and in Belgium, for obtaining 
greater adhesion in ascending inclined planes. 
It has been estimated that a locomotive, with 
eoiiplecl driving wheels of 4|- feet diameter, and 
14-inch cylinders, could ascend an incline with 
one-third niore weight than a locomotive with 
5 feet wheels and 12-iuch cylindera, if uncoupled. 
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The diameter of the cjlinders of locomotives 
lust vary according to tha power that is re- 
quired. The piston roda of the two cylinders 
are kept in their parallelism by means of slide 
I barg, and move horizontally under the boiler, and 
f-WOrk, by raeans of two connecting rode, two 
craoke which are forged on the axle of the driving 
wheels. The cranks arc so made that when one 
crank, in w^orkiog, is horizontal, the other stands 
Tcrtical, The object of this h, that there may be 
a uniform and certain rotatory motion of the 
wheels, which could not be if both cranks were in 
the same position at one time. Thua while one 
^end of the connecting rod from the piston keeps 
jp an alternating rectilinear motions the other, 
by means of the crank, preserves a continuous 
rotatory motion. 

The slide valves, or parte of the engines which 
admit the steam to the cylinders, are placed on 
Lthe upper side of them, and are worked or moved 
'backwards and forwards by means of eccentrics, 
in a similar manner to all reciprocating engines. 
These eccentrics are sheaves or rings fixed on 
the axles of the driving wheels on false centres. 
In one revolution of the axle the extent of the 
; rectilineftr motion produced by each eccentric ie 
lequal to the distance that the slide moves on the 
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face of the cylinder, so that by every revolution 
of the axle and crank the slide is moved so far in 
each way, as to allow the steam, from its pressure, 
to rufih into the cylinder alternately above and 
• below the piston, and give it a reciprocating 
motion. This is the first action of the ateam 
power, the primum mobile which gives motion to 
the whole machine, or the vivifying principle. 
From the construction of the eccentric, when the 
engine is going the elide valve h constantly in 
motion j for whenever the apertures, or ports, are 
open, the revenue movement of it shuts them 
^ain. Two eccentric wheels for working each 
cylinder are now generally made use of, in loco- 
motive engines, each of which is placed in a pro- 
per manner to admit of the engine moving either 
forward or backward. This plan is necessary for 
all enginea adapted for rapid speed. 

It has been found that when engines travel at 
great velocity, the expansive system, found so 
beneficial in high pressure engines, can be carried 
still farther with advantage in locomotive engines. 
The object of the expansive system is, that the 
expansion of the steam within the cylinder, when 
the engine ie set in motion, combined with the 
impetus acquired by the piston, will communicate 
additional motion to it and accelerate the velocity 
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)f tbe etroke ; hence, that the steam may be 
leflTectivcly and economically stopped from entering 
the cylinder before the piston has reached the end 
of the stroke (at a quarter or one eighth), and it 

» should not only be shut off from the piston before 
it reaches the end of the stroke, but should be 
applied to the opposite side of the piston before 

I it reaches the end of the cylinder, or the elide 
shoiJd at the extremity of the stroke be opened 
to a certain extent. 
, It haa been eonBidered by some engineers that 
one eighth of an inch produced the best effect 
for cutting off the steam from the bottom of the 
stroke^ or in other termsi, that the slide valve 
should be open to this extent at the return of the 
stroke. The exact extent^ however, is regulated 
by the velocity of the piston. The advantage 
gained in saving or economising steam by this 
method will increase in proportion as the steam 
is sooner cut off, at the same time not diminiishinEr 
the efficient power, 
^t A ia the platform, at the end of the fire-box 
(jf^. 59.), for the use of the engine driver, and 
from which the fire can be fed and the engine 
managed. At the other eadj B is the emoke-box, 
from which the chimney proceeds. The builer 
^^ar steam generator occupies the space between 



378 



DESCEIITION OP 



the two ; the brass tubes for the passage of the 
smoke and flame opeumg into the fire-box at the 
one end and the emoke-box at the other. The 
fire-box is ii&ually now made of strong plates of 
copper with the outer c:i«ing of iron, the interme- 
diate space of three or four inches being filled with 
water, and forming a part of the boilesr. It is 
commonly open below for the access of the air, 
from which place the cinders falling through the 
furnace-bars, which are usually made of malleable 
iron, has been productive of accident. There are 
seveml inches of water always over the flat top of 
the fii'c-box, the water being carefully kept to this 
level: when the water in the boiler ia too liigh 
the en^ne begins to prime ; when too little, the 
top would be instantly burnt through, A fusible 
plug is inserted, to serve as a safety valve, should 
the water, by accident, get too low and leave it 
dry. From the amall quantity of water in loco- 
motive boilers, the boiler is apt to prime or the 
steam to be cotideDsed in the steam passages, and 
the steam in the upper portion becomes mixed 
with the spray in ebullition. Hence a steam 
chamber is provided on a higher level. This 
dome is seen in polished brass on locomotive en- 
gines ; it is made with a double case, to prevent 
loss of heat from radiation. The steam from tlie 
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chamber is conveyed in the usual manner to the 
cylinder (e) of the engine, the steam pipe passing 
through the smoke-box. The blast-pipe^ which 
conveys the waste atcam from the cylinder to the 
chimney, may be observed passing up the middle 
of the amoke-box, the upper end of which is tapered, 
that the jet of steam may have more effect when 
escaping in increasing the current, as the extract- 
ing power or vacuum movement of the air in tlie 
chimney and draught of the fire is increased by it. 
It 13 the passage of the steani from the cylinder 
escaping through the blast-pipe into the atrao- 
Bphere that produces the snorting or puffing noise 
heard. The strength of the draught through the 
chimney carries up the cindera from the fire 
and scatters thein, producing aeeidente ; to guard 
against wliich a gauze cap is frequently placed 
at the top of the chimney or a grating at the 
bottom of it, as shown in cut, before the cinders 
are under the influence of the jet of steam : J" is 
the safety valve, which is under the control of 
the engine driver : ff is another valve. Theec 
valves are held down by springs. A is the eteam- 
whktle, which is a modem contrivance for creating 
an alarm, serving as a eigna] from the noise the 
eteam creates when rushing out at a narrow 
circular slit in the lower half of a brass ball and 
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striking on the e<lge of a hollow inverted cup. 
Tlie steam is led to tKe whistle by a tube from 
the boiler, and ie regulated by means of a stop- 
cock, i shows one of two feed-pipes, which 
conduct tlie water from the tank in the tender 
to the Ijoiler, the water being pumped into the 
latter by small forcing pumps placed under it 
The&e pumps are worked by the engincj and their 
derangement has often been productive of serious 
accidents. There are valves for regulating an 
equable supply of water to the boiler, and the 
waste steam may be turned Into the tender- 
cistern to heat the water. There arc discharge 
cocka for removing condensed water, eteam and 
water gauges, and other conveniences placed un- 
der the observation of the engine driver, handles 
for stopping and i-eversing the motion of the 
engine, and regulators for the draught of the fire. 
The regulator for increasinsj; or diminiehing 
the supply of steam to tlic boiler ia a disc or 
tlirottle valve placed in each of the pipes which 
supply steam to the cylinders. These discs are 
fixed on the end of a horizontal rod, passing the 
whole length of the boiler, and turned by a handle 
at the platform, so as to open or shut the passages. 
At this handle m a graduated scale for indicating 
the degree the throttle valves are open, so that by 



LOCOMOTIVE ENGINE BOILERS. 



281 



turning of tlie handle the aupplj of steam ia 
instantaneouely increased or cut off from the 

^» cylinder. 

Every locomotive engine has a caffiage con- 
necteJ with it ealled the tender, which is used 

Hfor carrying a supply of water and coke. The 
tender ia made with a fratne-work like other 
carriages, and on most railways has usually four 
wheels. The water is contained in an iron tank 

HsuTTOunding the Bides of the carriagej excepting 

^Kthe end next the engine, which is left open for 
the convenience of getting access to the coke. 
The boiler ia, of course, connected •with the tank 

I by means of the supply pipes already noticed, 
»nd the tank is supplied with water at various 
stations on the line of railway by water-cranes 
and cisterns, according ag the engine requires 
rater. The tender ia just so much additional 
inecessary load tliat every travelling engine must 
I carry along with it. 
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It must appear obvious that in the construction 
the boiler of the locomotive engine a great 
object was to combine with sufficient lightness. 
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compactneasj and safety, the greatest possible 
heating power ; for as the power obtained will be 
in proportion to the heat transmitted from the 
fire to the water, and then avaihible as steam, the 
amount of fire in the boiler will be the measure 
of the heat, and the smaller the quantity of fnel 
in an actiye state of combustion which can be 
brought to bear to keep a small quantity of water 
at a high degree of temperature, the more eflScient 
the boiler wUl be: hence the rapid formation or 
evolution of heat depends on its abduction from 
the fiiel in euch a manner that no loss is sustained 
in its extrication. In locomotive enginesj there- 
fore, for generating steam quickly, wliile a power- 
ful draught is indispensable, it ie a great object to 
expose the smallest quantity of water to the 
largest heating surface which the heat radiating 
from the furnace can act upon, and thut every 
means be adopted by non-conducting substances, 
as jackets or linings of flannel and wood on the 
boiler, to retain the caloric which has been evolved. 
The various contrivaQces to attain these objects 
would fill volumes. 

When Mr. Stephenson's engine, the Rocket, 
was first triedj as has been stated, 25 tubes of 
3 inches diameter were made tise of in the boiler, 
containing 11 7 "8 square feet of heating surface- 
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The idea of ueing many small tubes to conduct 
the heated, air through the water to the chimney 
in their present form is allowed to have emanated 
from Mr. Heiiry Booth, of the Liverpool and 
Manchester Railway Company. It is unques- 
tionable that the success of the locomotive eagine 
made by Mr. Stephenson waa in a great degree 
due to tlii3 adaptation. There can be, however, 
little doubt that the idea of using tubular boilers 
in different ari-augementa for the more rapid 
generation of steam is of old Btanding, It forms 
a prirxcipte of Woolf's boiler, of Mr, Julius Grif- 
fith*Sj as also of Mr. D. Gordon's patent boiler in 
1825, and of others. The very decided supe- 
riority of the plan of Mr. Booth's and Mr, G. 
Stephenson's boiler for increasing the surface of 
water in contact with the heated air passing 
through it not being patented, led at once to its 
being generally adopted for locomotive boilerg ; 
and since that time the [irinciple has been applied 
to marine boilers ; and several engineers are now 
nstructing many of their marine boilers on the 
tubular principle ; the tubes are made of malleable 
iron from 3 to 5 inches diameter. It is still, 
however, doubtful how far this principle is suit- 
able for the marine boiler ; for the locomotive 
boiler there can be no doubt of its eligibility. 
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Mr, G. Stephenson had soon discovered the 
advantage to be derived from enlarging the heat- 
ing surface of the cylindrical boiler, by increasing 
the number of the tubes, to abstract or absorb the 
caloric from the heated air. The dianaeter of the 
'tubes was reduced from 3 to 1^, or two inches, 
and the number increased, varying from 90 to 150, 
with a surface of from 200 to 300 square feet 
exposed to the contact of heated air. The heating 
Burface, of late, has been greatly augmented, both 
in tube surface and fire-box: but the opinion is 
not in favour of having the tubes very small ; 
they are usually made about two inches diameter 
inside, and from 73 to 120 tubes in each engine, 
- — the number of tubes being dependent on the 
diameter of the boiler. With improved enginea 
the tube surface has been increased from 400 or 
500 square feet of heated metalj exposed to com- 
municative heat, to the enormous extent of from 
600 to 800 feet and upwards, with a fire-box 
surface or area exposed to the radiant caloric in- 
creased from 20 square feet, as in the Rocket, 
to from 50 to 60 feet; and with the broad gauge 
enginea on the Great Western, the tube surface 
has been increased from 600 to about 1000 feet, 
and fire-box surface from 70 to 108 feet. 

As the upper side of the fire-box ia fiat, and 
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not adapted to bear a great pressure of ateam, 
bolts are placed betwen tlie chamber and tbe fire- 
box to resist the pressure. In. the lower part of 
the boiler the tubes are placed, ruaniDg through 
its whole length. 

Copper was first used in the oonatructiou of 
le tubes ; but they are now always made of 
brdSSj and have been found much more durable. 

I The opinion seems to prevail that making the 
tubes of mixed metal, or the best rolled brass of 
K^O. 14. wire-gauge is the preferable method, the 
^bca being secured at the enda with steel and 
iron hoops. Some have thought that as malleable 
iron of good quality is less expensive, it would 
answer the purpose, as it does for the tubes of 
marine boilers; but copper or brass would be 
generally used for all boilers, from its durability, 
^^were it not for its great expense. The tubes must 
^■plways bear a constant working pressure of about 
^BOlbs. on the square inch, while the form of the 
tube gives an advantage in their strength, as the 
pressure on the tube must be inward, from being 
surrounded with water. The tubes, however, 
^Kare necessarily subject to great waste, from the 
^^Mjnstant action of tlie cinders and ashes upon the 
interior surface : another thing which operates 
agtunst their durability h the want of an equal 
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espaoBion between tbe case of the boiler and tlie 
tubea. This may lesvd ultimately to almost an 
entire reconstruction of the engine and boiler; 
although, therefore, the tubes muet be freqtientlj 
replaced, for they usually last foi* about two 
years, and so are not of the peimanent nature of 
such parts of the boiler aa are not exposed to the 
action of the flaraej and whDe tiibea will bum 
out, and may frequently burst, stiU these boilers 
have been constructed capable of running a dis- 
tance of 30,000 miles before requiring to be re- 
newed ; and the broad gauge engine boilers have 
been stated to run 70 to 80,000 miles. A veiy 
erroneous idea seem3 to be entertained that no 
danger can ariac from the bursting of a tube in 
locomotive boilers ; indeed the bursting of tubes 
ia HO common, that the engine drivers become 
accuatomed to it ; but it is always attended with 
the next to certain clanger of scalding, perhaps 
to death, the fireman or engine driver, from the 
steam rushing out at the fire-door, and cinders 
being blown about, while alarm is created, and 
danger arises to the passengers from the delay 
and stoppage. When a tube doea bursty it is 
customary for tlie engine driver to be prepared 
with s% plug ready to drive into the aperture till 
the boiler can be repaired. 
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From the perishable nature of the tubes and 
end of the boiler exposed to the direct action of 
the firoj various expedients have been proposed, 
and some engineers have tliought that a boiler 
constructed on the principle of placing the water 
in the tubea to be heatedj instead of the fire in 
^Kbe tvibcB, would be more durable and as efficient. 
The Earl of Dundonald aud othera, years ago, 
proposed boilers on thie principle, Mr. A. M. 
Perkins, of London, lias a patent for a boiler^ 
which would be exceedingly durable if found to 
answer the purpose of locomotive engines. The 
steam is genemted with great rapidity in a re- 
cipient, or strong iron vessel, by the water therein 
coming in contact with a considerable extent of 
surface of small tubea within which water is 
heated, under high pressure, to above the boiling- 
point. The water in the tubes is heated by means 
if a portion of the same tube, which heats the 
water in the steam generator, being exposed In a 
furnace to the direct action of the fire. The report 
which has been published of Mr. J. Parkes, C. E., 
aa highly in favour of the evaporative properties 
of this yery beautiful and ingenious contrivance, as 
also its safety and durability, and economy of fuel, 
and the strongest and most satisfactory evidence 
has been adduced aa to its advantages and utility. 




288 EXPI-OSIONS OF LOCOMOTIVE BOILERS. 
EXPLOSIONS OF STEA3I BOILERS. 

Tbe dangers arising from steam-engine boiler 
explosions are so great, that any plan of coa- 
struction wlitch could completely obviate this, is 
deserving of couslde ration ; and the idea of a boilerj 
Bucli as that last described, where the steam la 
generated in a vessel not exposed at all to the 
action of fire, is a novcltyj, ag well as a comj)lete 
eecurity against the risk of its getting red hot 
from a deficiency of supply of water. In the 
present construction of the locomotive engine 
hoilcr, the only security, as to its safety in thk 
respect, depends on the regular maintenance of 
the level of the water in the boiler ; for as the 
tubes are exposed to the direct action of flauie, 
they would be instantly destroyed by any dimi- 
nution of the supply of water, which might 
happen by the least derangement of the feed 
pumps. 

From the high pressure the steam is always 
worked at, in locomotive engines, generally above 
50lba. on the square inch, two safety valves are 
always used ; one is under the charge of the en- 
gineer, commonly called Salter's flat -sided, spring- 
balance : it has a lever between the valve and 
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spring. The other Is now generally locked up, 
and has si series of bent springs, without a levei', 
oompressing it. 

Every engine boiler, besides the three common 
gauge cocks, ahoiild have indices of preaeure, aa 
the simple glass water gauge, to show in a glass 
tube the height of the water in the boiler. 
This tube, part of which h of brass, communicates 
by a cock at the top with the gteani, and at the 
bottom with the water in the boiler, and there is 
another conk, at the lower end of the tube, to let 
off the water. The dynamometer, or bent tube 
with mercury and a float, and the piston gauges 
are aUo good indices of pressure. All these pre- 
cautions, however, do not appear eufiBeient to 
prevent accidents. It has already been stated 
that the practice in some locomotive boilers is to 
place a fusihle plate on the top of the fire-box ; 
but this principle might be extended still further, 
to guard against explosions. It was several years 
ago made an imperative rule, by the law of 
France, that a plate of fusible metal, half an inch 
thick, made of lead, tin, and bismuth, should be 
placed on the top of the boiler, close to the safety 
valve, and held in its position by an iron grating 
above it : should the valve not rise, the heat, before 
the pressure of the steam coiJd have increased to 
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wiU meh the safety plate and 
' Ae slflMi to blow oC It would be a proper 
thmg if mck » role was made imperative io 

ikoB om atiy, where dteam power is so generally 
of. Bverjr looomotive engine boiler 

'•hoold lisT^ tftereCDBC, a fnable plug oyer the 
fire-box, oompoeed of four parts of lead and one 

I port of tin, which would melt before danger would 

Ikmk, and Uoir iato the famace. Objections, 
founded on experiment, have been started, that 
the ftidoD of an alloy of metals, as proposed by 
the Ordonance of France, can only be depended 
on when the metal id not exposed to the action 
of tlie st^tn, that h, to lU pressure, but merely 
to its temperature : the remedy is, enclosing the 
fusible metal in a case not exposed to the pressure 
of the 3team- This subject of fusible plugs has 
been thoroughly inyestigated in America by the 
Franklin Institute. 

These precautions are the more necessary from 
the ignorance which, it has been observed, stiU 
exists, *' not only of the power, but even of the 
nature of steam." While all admit the danger of 
steam exploaionj few of the causes of these ex- 
plosions are satisfactorily explained; and no perfect 
or evcu certain method has yet been devised to 
guard against them. A railway accident, such u 
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the engine running off the rails, may be greatly- 
£^gra>'ated by the explosion of tte boiler. 

It is worse than folly to intruBt an agent aa 
potent as gunpoT)?dcr to the handa of the ignorant 
and unskilful; and yet we often see men in the 
charge of eteam boilers without skill or experience, 
and who may, in one moment, involve themaelvea 
and all around them in common destruction. It 
19 the more to be regretted that when science has 
made the agency of steam bo tmctable, there 
Bhould yet exist the least danger in its use. For 
how dreadful must be the power of steam explo- 
siorij when tons of metal are blown into the air 
like a rocket, and sent to a vast distance ! Only 
a short time since, a boiler weighing 3^ tons, 
exploding at a work on the Surrey canal, was 
blown 200 feet high, and fell about 300 feet from 

. its site. At another recent case near Manchester, 
portion of the boiler, 26 feet, weighing 2 tons, 
was shot lite a cannon ball, a distance of 40 yards- 
At Barnsley, recently, by the explosion of the 
steam engine boiler, a cotton mill was destroyed, 
and not a vestige of the building was left stand- 
ing. At another recent frightful accident in 
Bolton, several lives were lost by the explosion of 

_a boiler, and one end of a cottoQ-miU was blown 
ip with a tremendous crash. 
V 2 
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That too much precaution cannot be taken to 
guard ELgainst explosions with locomotive boilers, 
h&& been proved by the accident on the Dover 
Railway, and by the explosion of the Irk loco- 
motive on the Manchester and Leeds Railway, 
where several persons lost their lives. Various 
other casualtiea have occurred of h similar kind. 
A few years ago an exploBion took place on the 
Liverpool and JManchester Railwayj supposed to 
have arisea from the case or ehell of the boiler 
being weaker than, the tubes. That doubt should 
for one moment exist as to the real cause of euch 
fearful explosions, as that in the case of the Irk, 
when the engine carriage was blown to a conaider- 
rable distance, and the unfortunate engineer and 
fireman to the distance of 20 yards ifrom the site 
of the explosion, and 21 yards of the roof of a 
shed blown away, are things which ebow how 
very imperfect engineering knowledge ia, still, on 
this point. 

This accident has been attributed not to any 
derangement of the valves, but to a rent made 
in the fire-box, by which means a body of water 
thrown upon the fire was instantly converted 
into steam of high density, bursting as a shell 
froin a mortar, and producing the Bomersault de- 
scribed. This rent was attributed to the excessive 
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heat froni the quantity of fuel in the fire-box, 
"^ about 2 feet thick, which, when the engine was 
at work, by mea'ns of the draught of the blast 
pipe, is kept at a white heat." But this rent is 
the effect^ not the cause of the explosion : no 
action of the fire on the fire-box could produce 
the rent stated, unless either the vals'e was over- 
loadetl, or there had been a deficiency of water 
in the boiler. The cause of the accident must, 
therefore, either have arisen from an excess of 
pressure or a deficiency of water. Supposing the 
boiler had a flaw or crack in the metal plate over 
the fire, as stated ia evidence at the coroner's 
inquest, as the boiler had long stood the general 
pressure, the probability is, this flaw was ex- 
panded by neglect of water in the boiler, when 
the excess of pressure would act on the weakest 
point. 

The evidence on this occasion sufficiently proves 
the necessity of a proper system of neutral in- 
Bpection and surveillance of railways for the 
public security ; for it is just as reasonable to 
apply a system of inspection for conveyances for 
inland trans^xjrt as in maritime matters to adopt 
Lloyd's survey and cliissification. The accident 
alluded to could not have happened without in- 
attention, or perhaps great negligence. We are 
c 3 
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informed that the safety valves of the boiler w 
'^of the usual kind, 3^ incliea diameter, and the 
engine was geaerally worked at about 60 pounds 
of pressure on the square inch ; but we alao have 
it in evidence that the men worked by contract; 
that their interest was to save coke, which waa 
weighed out to them ; that the engineers were 
paid a certain sum per mile, out of which they 
Iiad to pay their own oil and tallow, and had alao 
to pay their own fireman. One of the witnesses 
stated " that he seldom saw steam blown off 
from the contract engines, and in starting with 
heavy loads, the engineer put his hand upon the 
spring-balance of the valve, one of Salter's flat- 
sided ones ; this enabled them to start better.*' ^M 
It thus appears, that in order to save coke^^ 
steam was allowed to accumulate at the most 
dangerfius time, before the engine was set in 
motion, and the engineer. In a ftjol-hardy manner, 
runs the risk of blowing up himself and all around 
him, merely to save the thJuc of a few pounds 
weight of fuel. One can hardly conceive a more 
dangerous arrangement in respect to security to 
the public than contracting to work engines in 
this manner. 
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PRINCIPLES OP ATMOSPHEEIC PROPULSION. 

The i-isc, progress, and constmction of the rail- 
way syBtem has now been describedj and a short 
account has been given of the motive power 
which has conferred on it nearly all its import- 
ance as a medium of transit, and of which power 
it may in truth be asserted, that a more ingenious 
and beautiful apphcation of the force of steam 
never was devised. It h, however, impossible to 
overlook that an antagonist power haSj of late, 
sprung Into existence, which seems likely to prove 
to it a formidable rival, namely, the atmospheric 
ByBtem. 

One strong argument in favour of the mode of 
propulsion by atmospheric preaaure is based upon 
ita less liability to accidents. Much of this 
opinion is merely conjectural — as around the 
whole system considerable uncertainty still hangs : 
one thing, however, haa resulted from the nu- 
merous and fatal accidents which have occurred 
under the locomotive system, that it has induced 
the attention of scientific men to be turned to 
the discovery and aiTanging of new modes of rail- 
way construction, such aa the atmospheric, hy- 
draulic, and other principles, and to do away 
D 4 
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■with locomotive engines entirely. With reepe^ 
to i»ew plans, they display exercise of tlie 
TentiTE faculty^ and some good may spring from 
them ; but it has been seen that from the rapidity 
with which railways have sprang into existence 
since 1830, tlmt there has not been sufficient 
time for matured experience to perfect details; ' 
and locomotive transit is stiU attended with all 
the imperfections attaching to the infancy of a 
system. It is probable, however, that more good 
will arise by attempting a judicious remedy for eviflH 
ap])ertamiog to & system than by overthrowing i^^ 
Experience teaches, and stiU more the history of 
human invention points out, that perfection is 
gained by slow degrees. Whatever may come of 
the atmospheric principle, with ivhich so much has 
already been accomplished, and upon which so 
much ingenuity has been displayed — neverthe- 
less, until experience has fully proved its advan- 
tages, it would be mere folly to reject all the ex- 
perience already so laboriously acquired in loco- 
motive transportj at least, on the giound of lia- 
bility to accidents, which, undoubtedly, pradence 
and caution may, in a great measure, avert, 

Tlie atmospheric [irineipie in ita application on 
ftu extended scale in these times haa been ascribed 
tij various individuals. The knowledge t 
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elasticity and compregsibility of the air ia of old 
standing. The ancients, however, had very erro- 
neous ideas on these points. The belief of Aris- 
totlCj that " Nature abhorred a vacuum," estcnde<l 
its fallacy over many of the doctrines propounded 
by the philoaophera in Europe until the period of 
GralUeo, who discovered that the weight of the air 
waa the true cauec for many of those simple phe- 
nomena which had puzzled preceding ages,^ — auch 
ag the rise of water in pumps and gyphons. The 
atmospheric principle of propulsion is intimately 
associated with the interesting science of dy- 
namics. The pressure of the atmosphere is esti- 
mated at from 14 to 15 pounds on the square 
inch at the level of the sea, subject to certain 
Tariations. 

The physical law being clearly established, that 
the globe Is pressed on aU sides by a weight of 
air equivalent to that indicated by the barometer, 
and as this pressure must always be in operation, 
it follows that every object on the surface of the 
earth must sustain, a superincumbent pressure 

B equivalent to the square inchcB of surface it pre- 
sents. Supposingj for examjUe, that the siu'face 
of the hunian bo<ly measured 2000 square inches : 
this multiplied by 15 lbs., the atmospheric pressure 

■:at the level of the sea, would give a pressure 
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equal to 30,000 lbs. The reasoQ why this enor- 
inoua force is not felt, or that one ie unconsciouB 
of the weight, \b, that the pressure acts unifonnly 
ID every direction, and that air fills all space ; but 
should the equilibrium be destroyed, then the 
effect is at once made palpable. The simplest 
experiment for ascertaining this fact is to place 
the paJm of the hand over a cylinder from which 
the air has been exhausted ; the pressure on two 
square laches would be equal to 30 lbs. of pondw- 
able matter upon it. One may easUy, therefore, 
conceive how bo powerful, and wonderful, and 
ever-present an element as the pressure of the 
air should have been thought of as a moving 
power to set machinery in motion 5 for a moye- 
able piston travelling or working in a cylinder or 
tube from which the air has been exhausted will 
be pressed equal to the number of square inches 
of surface: thus a surface of 12 inches square, or 
144 square Inches, would be pressed by a weight 
equal to 2160 Iba., if the mercury was exhausted 
to 30 inches; or in a pipe of 15 inches diameter, 
the surface area of which would be equal to above 
176 inches, making the force of the external atmo- 
sphere impelling forward a piston within it equal 
to 2640 lbs. weight ; but as a complete vacuum 
cannot be attainedj the presaure will be regulated 
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a greater or Icsa degree according to the com- 
pleteness of exhauatiotL of the air in the tube. 
Supposing, however, that the vacuum obtained 
was only 10 lbs, per inch, the atmospheric pressure 
on the piston would be equal to 1760 lbs. weight, 

t is necessary to keep in view that the preseurc 
of the Sii is not merely variable within a very 
limited range from phyaical causes, but its rai'e- 
faction increases according to a uniform law in 
proportion to its elevation above the level of the 

a. In ascending a height the mercury falls, 
teing progressively relieved of the superincumbent 
pressure ; while, on the contrary, in the lower 
levels, as in the depths of mines, it rises, from the 
density of the column being increased. This 
discovery was first made by Descartes in Sweden, 
and about the same period, 1648, by the French 
philosopher Pascal. It has been ascertained that 

fall of y'xjt of an inch of mercury ia nearly equal 
to 90 feet of altitude, and so on, according to the 
elevation : thus a simple and useful method is 
obtained for readily ascertaining the levels of a 
try, making allowance for the alternations of 
temperature and variations of the atmoaplicric 
iressure. 

One of the moat useful inventions connected 
with aerology ia tlic air-pump, which was iu- 
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Tented by Otha Guericke, of Magdeburgj in Grer- 
many, about the year 1664. An air-pump was, 
contemporaneous with that of Giiericke, invented 
in thia country by the eminent piiilosopher, the 
Honourable Robert Boyle, F.R.S. As it was 
considered of great importance in. philosophical 
investigations, niiich ingenuity waa displayed in 
perfecting it. The chief use, however, of the 
air-pump, tiU within recent years, was confined 
to experimental or philosophic purposes. The 
present age, however, being one of practical appli- 
cation, the knowledge which philosopliers confined 
to theoretical illuatratlons has been made sub- 
eervient to purpoaea of utility, and the air-pump 
has been applied of late years on a most gigantic 
scalcj both to atmospheric propulsion and other 
uses. 

When the pressure of the atmosphere became 
known to be regulated by immutable laws, 
advantages to be derived from using it as 
impelling force soon became appreciated. When 
steam engines were first invented they w 
termed atmoxpherk engines, because they were 
made to act through the pressure of the air by 
the combined effect of its weight and elasticity. 
The idea, however, of producing motion by at- 
mospheric pressure, or what is now termed the 
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atmospheric system, has been generally ascribed 
to Denys Papin, an ingenious French engineer. 
Papin constructed^ about the year 1695, a ma- 
chine in which the preesure of the air sliould be 
used as a laechanical agent for effecting a partial 
vacuum In a cylinder. To attain this, he made a 

ater-wheel work an air-pump to produce the 
rarefaction. He tried in this country a method 
of tranafen'ing the action of the moving power to 
a great distance. The ingenious idea occurred to 
injj that he could make a fall of water at some 
distance from, a mine or coal-pit work a piston to 
compress the air in a cylinder communicatingj. by 
means of a pipe, with another cylidder at the 

oUth of the mine, and that the piston of the 
latter should^ from a connecthig-rodj give motion 
to pumps at the bottom of the mine. He cal- 
culated that the pressure of the air in the one 
ylinder would force up the piston of the other, 
and give a reciprocating motion to the pumpe. 
Thia plan was not aucceseful ; but much of the 
want of success has been attributed to the not 
llEnowing the retardation in its motion which air 
iuffera in its passage through pipes. Papin after- 
wards tried this plan on a large scale in Germany, 
but with little better success. He likewise at- 
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tempted to produce a vacuum by the use of gun- 
powder, but Ilia plan did not aucceed. 

These facta — and numeroua others might be 
given, even of a later period — show the disap- 
pointments t?hich have been experienced and tte 
difficulties met with in bringing inventions to the 
teat of practical usefulness. They may afford a 
useful lesson, to prove how much needless expense 
may be incurred in trying complicated and round- 
about processes to attain an object, when^ per- 
haps, the principle on which the invention was 
founded was not merely defective in itself, but 
AY ere the plan even successful, its complication 
would overbalance all its advantages. How often 
ia admiration elicited by expensive and childish 
models, the only tendency of which ia to mia- 
lead, and which, if stripped of their tinaelry, and 
reduced to the real object they seek to attain, 
would be found in practice useless and absurd. 
Wherever simplicity ia overlooked, and the work- 
ing of the machine ia a labour in itself, it may 
be wcU doubted if it will be of real use. 

ATMOSPHERIC KAILWAY SYSTEM INTENTED. 

The invention of the atmospheric mode of pro- 
pulsion has by aome writers been ascribed to 
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Papia ; but it baa beco ahown that his ingenious 

^contrivances for exhausting and compreaaing the 

^kir led to little practical result. From the time 

^Hbf Papin the subject of working machmery by 

^■atmospheric pressure alept for a century, when it 

was revived both in this country and in others. 

The subject was taken up successively by difterent 

persons, and among others by Mr. Pinkua and 

Mr. Clegg, by the latter of wbom, in conjunction 

with the late Jacob Samuda *, the atmospheric 

railway syetem, under their patent, waa practically 

demonstrated. 

The first experiments on the atmospheric prin- 
ciple were not very Huccessful or encouraging, 
and created much doubt &b to its advantj^es or 
practiciibillty. In 1840, however, Messrs. Clegg 
and Samuda had an opportunity of trying their 
plan on a amall portion of the Thames Junction, or 
West London Railway, near Wormwood Scrubbs : 
on this line a temporary experimental way, about 
one mile and a balf in length, was laid on an 
incline, rising about one foot in 115 or 120. The 
result of the trials, even on an imperfectly level 
^L track, was, that a speed of thirty miles an hour 

* The itiventioii of Mr, Samuda was cliumcd by Mr. 
Griffitha before tbe Court of Chancery, but the decision was 
agaicst the latter. 
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waM obtained with a load of about six tons, and 
twenty-two miles with a load of eleven toas. The 
atmoBpheric tube was only nine incbea internal 
diameter, and a yacuum eq^ual to a column of 

mercury of 23| incbes was obtained. As tbe 
engine and mode of propulsion were publicly ex- 
hibited for some time, and were seen by many 
persona interested in the railway system, a good 
opportunity was afforded for the development of 
the utility of the system. Amongst other&j tbe 
directors of the Dublin and Kingstown Kailway 
were so satisfied with the auccess of tlie experi- 
ment, that they resolved to adopt this method 
of traction upon a short extension of the line, 
If mile from Kingston, near Dublin, to Dalkey, 
where the gradients and curves of the line were 
considered by their engineer as unsuitable for the 
working of locomotive engines. This railway was 
accordingly prepared for the atmospheric principle. 
It was opened in August, 1843, and it is still 
worked in this manner. From the period of tte 
commencement of the Dalkey branch till its com- 
pletion no farther movement was made by railway 
companies towards adopting the atmoapberic prin- 
eiplCf and public curiosity was excited to ascertain 
the result of the experiment. At length, the Lon- 
don and Croydon Kailway Company resolved, from 
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extension of traffic, to lay Jown a tlilrd line of 
railjSj and were so satisfied, as to the bucccbb of tlie 
atmospheric plan, that they obtained an act of 
Parliament, in 1843, to construct a gingle line of 
atmospheric railway from London to Croydon, 
and to make an extension of the eanie from Croy- 
don to Epaoni. As the part of it now formed 
runs close to, and parallel with, the locomotive 
line, a fair comparison can Vjc made of the relatiTe 
merits of the rival modes of traction, and data 
will be afforded for the guidance of other com- 
panies who may wish to adopt the atmospheric 
system. It is proposed that the line shall be ex- 
tended, should the plan succeed, from Epsom to 
Portsmouth, the part now forming being a portion 
of what is termed the "Direct London and Porte- 
mouth Kailway," for which a bill was obtained 
in the last session of Parliament. The South 
Devon, and Paris and St. Germains corapaniea arc 
Bald to have also adopted this systemj and various 
lines are now projected, and companies formed to 
apply foi acta. One of the most extensive of these 
schemes yet projected ia a direct atmospheric 
railway from London to Northampton. But the 
prospect of obtaiuiog an act for an extensile 
railway of this kind, as yet, must be doubtful, 
fticiiig that Parliament in the session 1845, after 
X 
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a protracted contest, threw out the bill for CMJh- 
structing an atmospheric railway from New- 
castle to Berwick. The following is an extract 
from the Committee's Report, July, 1845 : — 

" But jour Conmiitt^»e do not fut^I called npon to express 
an opininn on the rulative merits of the atmospheric and 
locotnotiTe syetema, or on their corupaHitiTe applicability to 
railways in general. For, even assuming the efficiency of 
the tractive power under the ntmosplicric system, and ad- 
mitting the propo?t«l Xorthumberland line to be unob- 
jectiooahle in an enjtineering point of view if -worked cm 
that system, still the evidence token before your Committee 
does not justify them in coming to the concluaion that a 
Bingle atmosphiiric lim-, with tha arrangements »t present la 
contemplation, can carry the estiioatad ti-affic between 
Newciiatlc and Berwick with the B.ime eonveniencti luid 
panctiiality wliich are already attained hy the locomotiTe 
lines af which it would be a continuation," 



KiKQSTOWIf AND DALKEY ATMOSPHERIC 
BAILWAT. 

On the Dalkey brancli, where this mmle of 
propulsion ivas first adopted on a public railwajj 
upon an incliae rising one foot in a hundred, a 
continuous east-iron pipe, of ahout fifteen inches 
in diameter, and a mile and a quarter in lengtli, is 
laid horizontally between the rails on which the 
carriEigce iTin. A stationary engine is placed at 




ATMOSrnEEIC lUILWAT. 307 

'one end of tUe pipe to work an aii-pump, wljieli 
exhausts the air from the main pipe. The ex- 

IliauBtion extends to a column of mercury of 
Kwenty-two and a half inehcsj indicating the degree 
■of vacuum produeed throughout the pipe. The 
motion of the carriages ia effected by means of a 
travelling piston witliin the tube, which is forced 
along by the pressure of the atmospherCj dragging 
the carriages with it, the piston and the carriages 
being connected together by a strong iron plate ; 
the latter sliding along in a continuous slit or 
groove on the top of tho pipe, having a valve 
which opens as the connecting arm passes, and 
closes after it to preaesrve the vacuum. The pres- 

^kare is of course regulated by the extent of the 
exhaustion of the pipe and the extent of surface 
of the piston. On this railway three loaded car- 
riages have beeii propelled up an incUnCj rising 

Hpne in a hundred^ at a speed exceeding forty miles 

^Sin hour. 

The chief difficulty in this system of traction 

^pBbviously arises fi-om the rupture of the pipe by 
the progress of the carriages ; the vacuum is thus 
(listurlied by leakage of air into the pipe. To over- 
come this, much ingenuity has been displayed 

^Hn the construction of the valve, the mode of 
raising it) and of restoring it to its original 
X 2 



308 ATMOSPHERJC RAILWAY. 

positioo; so as the pipe may continue air-tight 
ftnd the vncuuiii be again prepared ready for llie 
propulsion of another tnuit. For it will at once 
be seen that leakage of the pipe must be fatal to 
the retention of the vacuum or economical ei' 
haudtioti of tho pipe. Were the valve to con- 
tinue open, the atmospheric nir would tbeB be 
pumper) into the pipe instead of the attenuation 
of the air withia the pipe itself proceeding. 
When it is conaidercd, too, that there must be an 
open slit, with a continuous valve, £rom end to 
end of the pipe, whether one mile or three mile^ 
or from stationary engine to stationary engine^ 
over any extent of a railway, the practical 
difficulty ai'iaing from leakage must at once be 
apimrcnt. On the Didkcy line the length of pipe 
being only one and a quarter roilcj it was ap- 
parent that in short distances like this, to erect 
air-pumping engines would be a strong objectioii 
to this eystem. It was therefore proposed when 
that railway woa opened, that the fixed engines 
might be placed at every three miles, or, pcrhape,. 
a greater distance along a Ene, and an arrange- 
ment made by which, when the travelling piston 
approached tlie end of one nmge of pipe, the 
pkton would open a transverse valve at the end 
af tiie next pipe, which would admit it into the 
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next length of pipe, or within the influence of 
another air-pump, and so on, from one range of 
e^auBteil air-pipe to another ; and so over the 
length of railway a train might proceed without 
stopping. There are, perhaps, few inventions in 
J these inventive times that display more mechani- 
^■cal skill in overconung difficulties than the atmo- 
" spheric mode of propulsion, so far even as it haa. 
jet been practicallj tried ; and should it ulti- 
mately prove iinsucsceaeful, it will be exceedingly 
Baiortifying that so much labour should have been 
bestowed in vain ; but should the rrault of ex- 
perience be, to prove the system defective, it will 
sink into desuetude like many other inventions, 
to which, perhaps, the mental powers of the con- 
trivers have been eelf-devotcd, and which now Ub 
I buried in the tomb of time. 
\ . 
Afl thia railway is modelled on the preceding 

one, and has attracted much public attention, and 
aa I have had opportunities of obaervitig its pro- 
gre*a, I shall give a ehort description of it, avoid- 
ing technicalities. The atmospheric machinery 
X 3 
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18 designed under the patent of Messrs Clegg and 
Samuda, by whom, and Mr. B. Cubltt, the plan 
has been carried into effect. The portion of the 
railway completed ia 4^ miles, namely, from the 
DartTnouth Arras station, five miles from London, 
to Croydon, In the abac nee of practical experience 
it became neceaaary to fix the length of the tube 
in which the exhaustion could best be eifected 
without loss of power. On the portion of the 
railway yet formed the stationary engine-houseSj 
which are of the most tasteful design, have been 
erected about three miles apart ; namely, at Dart- 
mouth Armsj Norwood, and Croydon. A strong 
Cast-iron pipe of 15 inches internal diameter, 
being the same size as that on the Dalkey line, 
has been laid down and secured to the ground 
midway between the lines of rails, which are 4 feet 
'8^ inches gauge. The pipe is cast with iron bands 
to strengthen it, and is made in pieces of 10 feet, 
firmly joined together, and so forming a con- 
tinuous air-tight tube. A partial vacuum is 
formed within this tube by pumping the air out 
with powerful force-pumps worked by the station- 
ary englneSj which are of 50 horse-powcr each, 
constructed specially for the purpose by Messrs. 
Mauilaley and Field. The engine power is 300 
horses for the 4^ miles of rail, there being two 






I 
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engines at each station. The exhausting cylinder 
or air-pump »s about 6 feet 3 inches in diameter. 
The piston is worked by direct action of the 
engine. On the top of the cylinder there are 24 
spring valves for the escape of the air drawn 
from the vacuum tube Viy the ascent of the piston, 
and a similar number permits tlic discharge of the 
air from the bottom of the cylinder on the de- 
scent of the stroke. The vacuum tube commences 
at one side of the cylinder, having a closing valve 
between the two. 

The traveUiiig piston is placed inside the main 
pipe, and fits it air-tight with leather psicUing, 
but free for motion. The piston is linked to the 
leading carriage of the train by means of a strong 
iron slanting plate or arm. The arm projects 
from the tube, through a continuous slit on its 
upper surface, and is fixed to the bottom of the 
carriage. The pressure of the atmoaphcre upon 
the pkton forces it along, and carries with it the 
connecting arm, and with the latter the carriages 
are drawn onwards, their wheels gliding along the 
rails. The arm traverses the slit or narrow open- 
ing on the top of the pipe, from end to end, with- 
out any obstruction being oftered to its progress. 
On the continuous slit in the pipe the valve is 
placed, extending the whole length of the pipe, 
X 4 
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xadapoo the ngnliiiaa of its aetaoa is 

aad dhBttiDg^ aad being kepi air-d^t, itftak 

The ezttinal sppesanee of tlie nl^e ii la 
ioHeme nafse of imo flaps or {^tes, about eigfal 
meiies long, ocnmected tagetker, placed m « 
aipiatie grooye or coniaBtioat tXHt in tlie top of ihtt 
tube, and lujig«d at ooe side, aa ebanm haj^. 61^ 
being' a perspective view of a poitioa of tlie 
racotun pipe. 




Tlie valve is formed of a broad strip of leatlier 
rivetted between two iron plates. Tlie upper 
pUte seen being wider than the slit preveats the 
leather from being pressed into the pipe from the 

pressum of the atmosphere a3 the vacuum ia 
I'urmed. The lower plate fits the opening wh* 
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valve is closedj and is curved to the cliape of 
[the pipe, preventing the air firom passing the 
[piston. The number of platca is requisite to 
give flexibility to the valve or flap. There ia a 
thin plate of steel introduced between the leather 
and tlie upper pkte^ for the purpose of acting as 
a spring to close the valve after the piston has 
passed. One edge of the valve is securely held 
down by a succession of long iron rods bolted to 
f a longitudinal rib cast on the pipe, on one side of 
the lateral opening, and the valves work on a 
hinge of leather similar to the valves commonly 
^^used in air-pumps. The opposite edge of the 
^Bl^Te, when shut, rests on the other side of the 
^^bteral opening or slit of the pipe, having a 
I margin cast on the pipe, thus forming a longi- 
tudinal channel or groove (^Jig- 62. b). Tliia 
trough 13 filled with a composition of bees-wax 
and tallow, which, when it has been melted and 
cooled, adheres to the edge of the valve and keeps 
it air-tight: this substancu becomes solid at the 
temperature of the atmospherei and becomes fluid 
when heated a few degrees above it- Ais the 
valve must open continuately, or inch by inch, 
to permit the arm of the piston to jjass, in a bed 
^■bf the melting compoBition, one part of the ap> 
paratus, and not the least important, in the atmo- 
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Spheric system, must obviously be the opening 
and cementing ftgaln of the valve as the train 
progresses, for aa the valve must be raised and 
the cement broken on the approach of the bent 
connecting rod, so it requires to be again imme- 
diately closed- In order to effect this, four small 
wbeela (Jiff, 63. e e) are fixed witliin the pipe 
behind the travelling piston (c), and travelling 
with it, two before the bent plate or connecting 
arm (_/?y. 62. f), and two behind it. These 
wheek are the means provided by wliicli the one 
edge of the valve is raised, to jjermit the con- 
necting rod freely to paas without touching or 
destroying the valvej and also for the admission 
of air. As the valve opens the air rushes inta 
the pipe, on the back of the piston {Jfff. 63. c) 
equal to the area of the pipCj and thus the atmo- 
spheric pressure is kept up. This explains how 
the pressure of the air is made continuously 
operative on the pist-on witliin the pipe from 
which the air is exliausted- In order to re-seal 
the vacuum valve, as fast as the composition is 
broken in the trough, there are fixed to the car- 
riage small steel wheels, regulated by springs : 
the leading wheel {^ff- 64. c) passes light over 
the longitudinal valve, and is followed by a copi>er 
tube or heater (d), about five feet long, which 
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is attaclicd to the iinJer side of the carriage. 
The heater is filled with burning charcoal, ai»d 
aes OTer and re-melts the composition, which 
■when cold Leconics solid, Icavini? and rctaininff 
the valve as air-tight as before, in readiness for 
the next train. The construction of the vftlve, 
its adaptation for ihe rapid passage of a con- 
necting arm, and the apparatus for opening and 
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Fif. 62. Cross SEmoK op ths Tube, &c. 

A Eilerlor sectiun of the cast-iron pijie, wliidi is made wllli 

])rojtcting flanches, for strength; the intt^rior circle stiuws tlic 

diamc-tcr of the piston witliin the pi|ie. 
S Tlie longitudinal valve open, showing the eonDection betwi^en 

the piston ami the cacriuge 
ti A valve in the piston wliicU oprns by lever c, which in case 

of accUlent, will allow ilit; air lo pnss through tUe piiton. 
r Plnte or arm connecting piston with carriage. 

The lever handle. 
I The ailETs of carriage. ' 
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EXPERIMENTS ON THE CROYDON 



sealing itj form the important points in the at- 
mospheric railway system of Messrs, Clegg and 
Samuda, and display very great cleverness and 
ingenuity. 

Fi(f. 62. represents a transverse section of the 
pipe shown in the preceding sketch {^Jiff- 61,), tLe 
continuonB valve, and mode of connecting the 
carriage npon the rails ivith the travelling piston 
within the pipe. 

Such 19 a general description of this atmo- 
spheric railway, so far as yet constructed. Mr. 
Saiiiuda has shown that while a great speed can 
be attained, there is only a loss of power from 
leakage of air into the exhausted tube of noi 
more than from 1 to 1^ horse-power per mile, 
whereas it was anticipated that much loss of 
power would have arisen from tliis cause. It lias 
been stated the expense for lost power will n 
be more than a penny per ti'ain for 20 miles, 
the mechanical difficulty of the opening and 
closing of the valve much. It apjjears, has now 
been accomplished, and there seems little doubt 
that as this invention progresses, means may be 
found for still farther simplifying and perfecting 
this part of the machinery ; fur the less the com- 
plication of the contrivance for this purpose thi 
more likely it will be to prove anceesefuL 



of I 
nd" 




K 

u 



ATMOSPHERIC KAIL WAY. 319 

Various accounts have been given as to the 
rate of speed attained in the trials made on this 
railway : the greatest speed is said to have been 
one mile in 62 seconds ; or a speed, for a short 
distance, of 75 miles per hour. The result of a 
trial trip with 10 carriages of an estimated weight 
jf 50 tons, from Dartmouth Arms to Croydon, 
the distance being, as already stated, about five 
miles, was lately piiblished : the time occupied, 
including 1| minute consumed in advancing the 
train from the station to the opening of the 
Tacuum tube, was 8f minutes, average speed at 
the rate of 35 miles per honr. The distance was 
1 run with the wind strong ahead : the gieateet 
^fcpeed for a short distance wns nearly 60 miles 
^■|>er hour. Average indication by the barometer 
^^of vacuum in the engine-house, 28 inches, in the 
^carriage attached to the piston, 25 inches. By 
^■the trials made, the five miles of the tube were 
' exhausted to the full extent, the average of the 
barometer being at the time 27^ inches, while 
the piston traversed the whole length of the tube. 
Thus far the vindication of the atmospheric sys- 
tem, as respects its dynamic power at least, has 
been established. 

The power of the atmospheric system in as- 
cending stiff gradients has Edao been brought out ; 
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for the new line crosses the Erightou line by a 
baa<ijome viaduct, with an JQclination rising 1 foot 
in 50, and a curve of half a mUe radius, and these 
lire taken witli the atmoepberic power with per- 
fect ease. Indeed a train has been brougbt to & 
etand-^till to deprive it of its previous impettu 
at the foot of the incline, and then propelled op 
the incline without difficulty. 

The momentum given to the carriages by the 
atmospheric power is checked by means of power- 
ful breaks: such baa been the motnentnm ac- 
quired, that two pair of breakg were applied fov 
^ths of a mile before stopping ensued. There 'u 
also a contrivance> a valve in the traveUing 
piston, which was used in the ex[}eriments — by 
which the air, when deiired, may be allowed to 
pass through It, and the vacuum, and consequently 
the force of propulsionj gradually decreased. It 
has alflo been projected that means ishould fae 
devised for at once disconnecting the carriages 
from the travelling piston. 

It would be finite impossible to describe or even 
notice the many contrivances proposed of late for 
atmospheric propulsion without filling volumes: 
but it would be out of place in this treatise to do 
BO, as tlui object is to point out tlie progress which 
the railway system fiaa practically attained, sad 
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not to speculate on what mventions mny ulti- 
mately be successful : hypothetical proposals are 
therefore avoidedj and only those inventions wliich 
liave been carried into effect described. 

Sir. Henry Pinkus, whose name has already 
been noticed, has recently published an elaborate 
description of his patent atmospheric railway. 
Mr. Pinkus was amongst the first who had the 
merit of bringing the atmospheric system promi- 
nently before the public. He obtained jmtenta for 
hia inventions in 1834, 1836, and 1839. Several 
years ago he exhibited a working model of a small 
stationary engine, forming a vacuum in flexible 
tubes. In 1840, he published a pamphlet de- 
scribing his " Agrarian syetem," or the pneumatic 
principle to effect the working of agricultural 
machinery. 

^ Among other plans of atmospheric radwaye 
proposetl, is that of Mr. James Pilbrow„ of London, 
who obtidned a patent for his invention on the 
17th of Jlay, 1844. Mr. Pilbrow appears to have 
founded the claim to auperlority of his patent 
system upon what he considers the defects of 
Messra. Clegg and Samuda's, euch ae the difficulty 
of getting a closure of the valve. He points out 
le advantages of his plan to be, the avoiding 
leakage by burying tlie pipe, and working the 
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appai'atuB without a valve, and the travelhag 
piston, invented by preceding experimenters, is 
placed in tlie exhausted air tube, and is connected 
to the carriages by a small upright rod moving 
in an air-tight slit or groove on the top of the 
tube : the rod is kept in its track by guide wheels, 
and at certain distances small wheels are placed 
on the railway> which work in a rack attached to 
that travelling with the leading carriage. At the 
present stage, it is impossible to form any de- 
cided opinion of this eoutrivanee. Whether t 
rod will slide in a slit sufficiently tight to prevent 
leakage without a great increase of friction,^i 
remains to be seen when practically tested on il^H 
public railway. Some new railways bare been 
projected on this plat). 

Amongst the numerous patents for the atmo-^ 
spheric principle of propukion, is Mr, John Ai" 
kin's, 1844, He proposes to fill the traction pipe 
with water, and, by long eduction pipes descending 
from the former, to obtain a vacuum ; or to use 
water for covering the valve to retain the vacuum 
obtained, A patent was obtained by Mr. J. G. 
■ Sbuttleworth, of Sheffield, in 1840, for the appli- 
B cation of a column or body of water acting 
H against a piston in a tube for the pui^se of the 

1^ .... 
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proposed in place of ateani, aa a more economical 
motive power to work the air-pumps of atmo- 
spberic railways, and in some districts of a country 
might be usefully employed, if tliig system of 
traction waa adopted. 
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Mr. Nickel'B system of atraospheric propulsion 
has lately been made public : he professes to work 
•.mlway carriages witliout either loagitudinal 
valves, racksj wheels, or pinions- His plan con- 
Biets of a tube cliarged with compressed air in 

nnection with a fixed engine, and the inflation 
of these tubes^ pressing on smooth wheels turning 
on vertical spindles under the carriage, forces along 
the ti"ain with velocity. 

Besides the direct action of atmospheric pres- 
sure upon a moveable piston, and the power of 
steam otherwise applied, a plan has been proposed 
of working engines with condensed air to propel 
railway trains : these are termed " Parsey's air 
eDgiues," 

The inventor of these engines, it appears, is 
pangulne enough to iiufigine tlmt he has accom- 
plished an object which will work a complete re- 
r 2 
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volution in the mode of drawing' or propelling 
trains oa railroads, and in the manner in -wluch 
the rotatory motion of paddle--wheel3 in eWpa is 
produced, Mr. Paraey's invention ie, he thinks, 
applicable to all the purposes of eetting machinery 
ill motion for which atcam-engines are now em- 
ployed. The engines are worked by means of 
condensed air. The elaeticity of air when com- 
pressed into receivcra may be raised to any power. 
The enginca, according to the deacription fur- 
nished by the patentee, can be filled at a terminus 
with highly condensed air, previously generated, 
and replenished from stationary receivers at the 
various stations of i-aj] roads ns often as occasion 
may require. To the receiver or receivers of the 
engine so filled, to obviate the excessive force and 
gradual decline of pressure as the working cylin- 
ders rU-aw it off, a receiver is attached, into which 
the air passes tiU it reaches a given working pres- 
sure, which it cannot exceed but Ijy adjustment of 
the engineer, as the self-acting regulator belonging 
to the working receiver shuts or opeua the in- 
ductive passage frara the high-pressure receiver 
or receivers uniformly with the diechargea from 
the driving cylinders, by which means ag much 
power is carried by the engine as will propel it 
and a train any distance. It is stated that many 
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mechanicianB and practical engineers have sjKjken 
of the model in high terms. Whether the plan 
will succeed or not must at present be uncertain, 
but its merits can only be ascertained by its 
being fully tested. 

Carbonic acid gSiH and other gases have been 

triedj to produce a vacuum. Mr. J. Robinaon, of 

^Liondon, has a patent for a mode of working en- 

" ginea by the agency of gas for prothicing motive 

power. Experiments have also been tried on rail- 

fcways to make use of electro-magnetism aa the 

motive powefj butj as yet, with little prcrapedt of 

^RHE COMPARATIVE ADVANTAGES OF THE ATMO- 
^L SPHERIC AKD LOCOMOTIVE SYSTEMS. 

^KAt the present time, when so many railways are 
proposed, and as, from the advantages derived 
from this mode of transit, it must be apjmrent 
that, in order to place one district of the country 

^Km a footing with another, every town and vil- 
lage must have the means afforded of rapid and 
direct communication, otherwise certain loc4xUties 
must be placed beyond the pale of easy access, it 

^R& most important to know, so far as experience 
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has yet gone, the views of scientific men as to the 
comparative advantages of these modes of traction. 
The atmospheric railway system has already 
been fijlly discu&sed. at meetinga of the Institution 
of Civil EngLneevs, and the moat eminent of that 
body appear to take opposite views respecting 
the antagonist powera. In a eomnmnication 
msvde to the Institution hy Mr. P. W. Barlow, 
C. E., '' On the comparative Advantages of the 
Atinoe])heric Railway System," he gives the result 
of certain esperimenta on the Tyler inclined plane 
of the Crtuterbury and Whltstable railways show- 
ing the amount of lost power of the rope traction 
aa compared with that of the atmoapheric railway 
system on the Dalkcy inclined plane, from which 
it appears that a stationary engine of twenty-five 
horse power wUl convey thirty-five tons at an 
avei'age speed of seven and a half miles per hour 
up the former Incline of 1 in 48, and h capable of 
producing as great a useful mechanical effort as 
the engine of 100 liui'se power on the Dalkey line, 
aa the former raises more than half the load three 
times the altitude on the same length of an Lncluie 
in nearly the same interval of time : or, in other 
ivordd, trains of thirty-five toua are raised by a 
25 horse power engine on an incline of 1 in 48 
at the game speed aa the Dalkey engine of 100 
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horse power raises trains of sixtj^-six tons on an 
incline of X in 138: that the lost power on the 
Whitstable incline averaged four-ten thB of the 
whole power, and on the Dalkey line it averaged 
eight-tenths of the whole power : that the lose in 
transmitting the power to the train^ as shown in 
Mr. Samuda's experiments, exceeds eight- tenths 
of the whole power : that the effect of the in- 
creased lenkage at the hieher dcffrees of the 
Tacuum does not exceed the increased resistance 
of the air, and thereby proves that the leakage is 
not tlie main source of lost power. 

With heavy loads and a high vacuum^ the 
lower of the engine required to fonn the vacuum 
will amount to the greater proportion of the 
whole power exerted, and which will be practically 
lost. With the other extreme of light loads and 

small vacuum, the friction of the air in the 
pipe becomes an equally large proportion of the 
power expended ; because the whole bulk of the 
air must be exhausted, however email the load 
lay be: so that there will be one particular 
vacuum and load with any given engine and pipe, 
in which the sum of these lossee will become the 
least possible. But whatever this may be, it is 
evident the amount must be fatal to the atmo- 
Bpheric system as a mode of applying stationary 

Y 4 
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power : that there is also a losa of power 
sarilj arising from the construction of t 
pump, and, in addition to that from leakage, 
there will be a certain losa, from the atmosphere 
not having time to act with full effect on the 
piston : that aa the loss from leakage does not 
form a large proportion of the lost power, there 
is little field for mechanical improvement, which 
has been urged aa an argument in favour of the 
Bvatem; that the loss of time and power, from 
the interval necessary to get up the reqiured 
vacuum, will have the effect of reducing the 
average rate of travelling on a single line of 
atmospheric pipe considerably below that of 
locomotive line, because such loss of time must 
occur at the meeting of every train ; and with 
trains running at intervale of half an hour, this 
delay must necessarily occur every quarter of an 
hour. 

The preceding is the substance of Mr. P. W. 
Barlow's interesting paper, which does not augur 
very favourably for the permanent success of th 
atmospbcrie mode of traction. He states the bi 
residt obtained from the experiments on th 
Dalkey line, was the transport of trains of thirty 
tons in five minutes. It has been ascertained, that 
the atmospheric system on the Dalkey line 
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not been rerauneratlvej having hardly paid its 
working expenses : this should not, however, be 
imputed to the syetem, for it may have ari&eo 
from the locaHty and nature of the traffic, and the 
system will soon be more fully developed on the 
London and Croydon Railway. Even should this 
^■dystem be less efficient as a moving power than 
stationary engines with the rope traction, it is 

»more convenient, and gets rid of the tear and 
wear of ropee. 
With respect to the supposed superior safety of 
the atmospheric system, there has not yet been 
sufficient experience of the working of it on an 
extensive scale to judge. One very obvioua de- 

Afect which appertains to the atmospheric as well 
as to all systems of traction wlierc the motive 
power is entirely separated from the carriage is, 
that no possible control exists over it. Where 
fixed engines were used for rope traction, it has 
been long found to be attended with practical 
inconvenience ; and it doea not appear how it can 
be lessened by the atmospheric plan. Any ob- 

Bfitructton on a line is Just as apt to be run into 
hy the atmoepheric carriage as by the locomotive, 
and the carriages may thus be overturned, while 

Kin reality less power exists in slowing or cJiccking 
the atmospheric carriages than in the locomotive, 
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Supposing the momentum ia eitber train, pro- 
ceeding at sixty miles an hooTj to be the same, 
the locomotive has the advantage of having the 
means of at once reversing the action of the 
engine, and cutting off the supply of steam ; and 
even should the atmospheric train be placed in 
the position of discomiecting the carriage from 
the piston, still, as haa been remarked, while the 
locomotive has the power of leaeening the severity 
of the Eihock from any obstacle on the rails, the 
atmospheric must be nearly powerless to avoid 
destruction. Although^ therefore, the atmosplieric 
plan has apparently an advantage tn rendering 
direct coUiaions barely possiblej as two trains 
cannot move in the same section of pipe at the 
same time, and one must leave the section of the 
pipe tliat it may again be exhausted of air, etill, 
imtn experience has fully developed the safety of 
the working of the system, it is merely hypo- 
thetical to apeak of its entire safety. With 
respect to the relative expense of the atmospherie 
and locomotive systems, I hold this to be of much 
less importance than the matter of fiafety. It 
becomes, indeed} a matter of calculation^ of easy 
Bolution, whether fifty horse or more power ap- 
plied to work an air-pump, or the same power 
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applied directly to propel a locomotive, is the 
most effective. 

There is one thing certain, the atmospheric 
eysteni cannot be proved more convenient and 
economical than the locomotive eystem, and it 

H should at leaat, if it ie to have a preference, be 
proved to he better adapted for the public safety. 
But with respect to the additional safety arising 
from tying down the carriage on the centre of the 

Hline, the questions suggest themselves, Will the 
carriage be tied down when passing over points 
and crossings, where there exists the chief lia- 
bility of running off? and ia not the chance of 
colliflion at sidings which are worked by mo- 
mentum greater than where there is a control of 
a locomotive, and are not these the places where 
the greatest liability of collisions exists ? The 

^k|)ower of stopping a ti-ain is considered by some 
greater on an atmospheric than on a locomotive 
line ; but if the power of stopping, as well aa 
the momentum, increases with the gravity, no 

K^td vantage can be gained in this respect, for by 
removing the engine and tender, the weight 
which ia moat concentrated, and therefore most 
[economically and efficiently applied, ia removed, 
iut suppose it is granted that the atraoapheric 
less liable to accidents from collision than the 
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locomotive line, will not the great expense of 
formation and working the line necessarily confine 
the construction of this railway system to single 
lines of way ? There is no doubt that the atmo- 
spheric on a single line is considerably safer than 
a locomotive on a single line, which is not safe ; 
but locomotive single lines are, however, rarely 
used. Although it has been held by the advocates 
of the atmosplieric system that it possesses the 
peculiar advantage that a single line would prove 
snfficient ; yet, because on the very few miles of 
single rails where locomotive power is used few 
accidents have happened, is there any person who 
would recommend such a mode of railway on lines 
where great traffic exista? The idea, therefore, of 
holding out that the atmospheric possesses this 
peculiar advantage, is merely visionary. Mr. H. 
Stephenson has shown in his report the imprac- 
ticability of working a single line of atmospheric 
railway when applied to a line of 112 miles in 
length with trains running every half hour and at 
a mean velocity of thirty miles an hour, by the 
fact that '' the total time of the journey would 
be increased ten hours I" in consequence of the 
delays occasioned by one train waiting till it had 
met with that which was coming in the opposite 
direction, and the pipe was exhausted so that it 
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could proceed. On slioi*ter lines, perhaps, these 
obstructions would not be so objectionable ; but, 
m hss been remarked, " would it not be as easy 
Hfor locomotives to follow each other with trains 
^ every hjilf or quarter of an hour, and when 
arrived at a station, to wait till tlio train ia the 
oppoBLte direction had passed?" But where is the 
engmecr who would recommend the adoption of 
such a system if he were held respouatble for the 
regular working of it ? 
H Numerous objeetiona have been urged against 
the working of the atmospheric principle ; auch as 
the uncertainty of working the traffic both on 
'' terminal aud intermediate stutlons, and the 
necessary arrangements at level crossinga." At 
terminal and intcrmedi itc stations, where goods 
and mineral traffic is lai^ie, some other power 
would be required to be employed than that of 
the main line. The waggons are now shunted or 
backed into a siding by the engine ; but in atmo- 
spheric lines manual, horac, or engine power must 
be employed to remove the waggons ; and this 
muBt add to the risk of accident, from their being 
left probably for a time on the main line. Another 
objection will arise from the loss of power by the 
uncertainty at starting of the weight of the train ; 
and to maintain a higher velocity than with the 
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locomotiye system, engines of greater power must 
be used, or about 200 horse power for every mile 
and a quarter. Or, aa the leakage or rush of air 
into the exhaufited pipe, which influences the 
velocity of the trains, will be greatly increased by 
extending the length of the pipe to thi-ee or four 
milesj the power required to work it must be 
proportionably augmented. Tiiie extensioQ of 
power may have the eiFect, that the expense 
must be so increased to attain the same power 
aa with the locomotive system as to make the 
cost inordinate. Such are some of the chief 
objections urged against the atmospheric systemj 
to which may be added, that the derangement of 
the engine of one station may stop the traffic of 
the whole line. Much has been said in favour of 
the atmospheric system, on the gi'ound of the 
absence of smoke and dust, and also that cinders 
axe not scattered about as by the locomotive 
engines ; and doubtless this is a great advantage, 
if not counterbalanced by other drawbacks. 

With respect to the expense of working the 
atmospheric system, di6Ferent opinions obtain. 
There eeems little doubt that to be effective, the 
power of the engine must be large and a sui-plns 
power always at command. On the London and 
Croydon railway^ in the five miles, the 300 horse 
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sower erected has been eatimated at 1 5,000?. ; 
and shotilJ the euppoBition be made, that one 
locomotive engme was provided for every mile of 
railway, the five engines would cost, at loOOZ, 
each, only 8000/, ; thus leaving a balance of 7000/. 
on this head against the atmospheric. Some have 
taken a very opposite view to this of the com- 
parative expense of the two systems. One writer 
states thatj supposing a railway of 30 miles re- 
quired ten fixed engines and pumps, the coet of 
this would only be 42,000/., with an annual 
^texpense to uphold them of 10,320/.; whereas the 
^locomotive department of the Liverpool and 
Manchester would coat three times that eum. 
There, however, does not appear sufficient data 
BL established to come to any correct opinion on 
"• these points. Mr. Pinkua and Mr. Pilbrow hold 
out in their statements a much cheaper mode of 
construction. 

It has Iteen observed by Mr, Berkeley, C. E.j 
that the mechanical difficulties in the application 
of the atmoBpheric system are, perhaps, the least 
important for consideration, as it may be assumed 
that the exijeriencc and ingenuity of mechanice, 
^ where they exist, will overcome them. But surely 
f no system can be efficient where real ditficulties 
in ita practicnl working exist ; and until these arc 
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entirely overcome It cannot be deemed perfe 
However clever the present arrangements of 
Messrs, Clegg and Samuda'a system are, and 
however perfect the workmanship may be, still 
wheels revolving at a rapid rate witliin a length- 
ened tube must be liable to occasional derange- 
ment, and require constant watching, and it has 
been shown that the opening and closing of the 
valve depends on thia agency. Out of the nume- 
rous inventions one perfect one may be obtained. 
It is only by the practical working of the system 
which Messrs. Clegg and Samuda have intro- 
duced that will be ascertained wherein lies the 
defect, and its eoiTection found out. From the 
momentum of the carriages, their lightness on the 
lik, and the diflSculty of making a break act 
quickly on them, the danger must be as great, 
if not greater, of the hind carriages running off 
the rails than with the locomotive train, and of 
their being cmshed in a similar way ; for it can- 
not be the single slight attachment of one carriage 
in a train to the arm of the travelling piston that 
will guard against such a casualty. One of the 
atrongest arguments urged in favour of the sys- 
tem seems to be the capability of ascending steep 
gradients j but thia cannot either be deemed with 
rapid velocity as either advantageous, prudent, or 
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' Safe ; bcfiidc ivliicli, umcli bass been dmic, even in 
this respect, with locomotive engines. 

Having thus considered the question of the 
locomotive and the atmospheric systemj it mnat 
be left to the result of time to test their com- 
parative advantages, for, at the present time, the 
I accounts of the latter are conflicting and contra- 
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In maJdog a few brief observations under this 
head, I feel that to find fault with a system which 
hi\^ been the growth of a few recent yeara, and 
which has ali'cady accomplished so much, is un- 
gracious : the remarks are made with the view 
of endeavourinf^ to bring about a similarity of 
railway practice so essential as respects the safety 
of passcngeri*, and important for the interest of 
the railway coinpaniei. 

The ehief defect of the locomotive railway 

system arises from the want of uniforni and fixed 

data founded ujtou properly conducted cxperi- 

ments to regulate the construction of railways — 

Kiu to the gradients, curves, height of tunnels 
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I width of TiaducU, form of rails, and mode of 
I fixing these ; the width or gauge of the rails, the 
limit also of the railway between embankments, 
elev^ation of bridges, road crossings!, and the 
various jM>inta of railway formation in which Sft 
much discrepancy in practice arises. No general 
rule seems adopted on almost any point. Of 
course It is not desirable that, in minor matters, 
opinions should not differ and the plan be adopted 
best calculated for the circumstances; but, where 
the arrangement involves the public safety, it 
fiecms desirable tliat in all the leading features of 
railway practice, a similarity of system should be 
worked out : on the contrary, it has been shown 
that, on one railway, one form of iron rails, ehalra, 
and sleepers exist, and, on another, one totallv 
opjiosite; and so on with other points on which 
different views are entertained, — all tending to 
perplex and to prove a fruitful source of acci- 
dents, the usual concomitants of uncertainty. 
The effect of this has been to weaken public con- 
fidence in the system, and has led to the de- 
velopment of those schemes of atmo&pheric pro- 
pulsion, some of which have been noticed. 
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QUESTION OF THE BEGAD AND KAEEOW 
GAUGES CONSIDERED. 



Ooe of the moat important of the points upon 
which discordance of opinion exists ia the railway 
gange. I have already shown that the great 
preponderance of the railways furmed in this 
country have been constructed with the narrow 
gauge ; — ■ not, seemingly, from any conviction of 
its superiority oi advantages, but most probably 
from the circumstance that it was the gauge 
adopted on the earUer lines of railway ; and it 
was more coQvenient to assimilate the gauge of 
the railway to be made to that of those in the 
vicinltyj than to adopt a new gauge ; for al- 
though, in the first instance, the railway may 

^Uiavc been unconnected, the opportunity might 
occur to form a junction. It is probable some 
euch reason influenced the adoption of the narrow 
gauge ; for it cannot be supposed, in the railways 

^ftfrom the period of the opening of the Liveqiool 
and Manchester BaUway, till the formation of the 
X. 2 
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Great Western, that any real conviction existed, 
or any positive knowledge had been acquired, 
that the 4 feet 8^ inch gauge was the best whicli 
could have been adopted. The narrow gauge hail 
been at first used ; and, therefore, as it seemingly 
presented no practical inconvenience^ it became 
gradually extended over the kingdom. In the 
recent discuasions of this question, there is brought 
out, prominently, the advantage which would 
liave been derived by establishing a unifomi rail- 
way gauge over the United Kingdom. Had tliL- 
point been taken cognizance of by government 
when the Liverpool and Manchester line was 
opened, and had a uniformity of gauge been then 
adopted, much confusion would have been avoided ; 
for it Beems more than probable that, sooner ov 
later, at leaat on all the direct lines of communi- 
cation tlu-ough the country, the eame gauge VTJII 
be eatablished, so aa locomotive carriages may run 
without interruption from one extreme of the 
iflland to the other. 

Up to the preaent tiniCj convenience, economy, 
and the views of the Company, determine the 
adoption of the broad or narrow gauge. 

It is to be regretted that, as personal interests 
are ao mixed up with the important question of 
the gauge, it ia hardly possible to expect, at the 
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'Ji resent tinie, an impartial solution of it. There 
call- be no doubt that a railway with a gauge of 
feet 8^ inches can be made at much le&a ex- 
pense than with a 7 feet gauge. As respects the 
fii-st cost, if the question is dependent on this, it 
may be viewed as settled. But although the 
proportion of the broad-gauge railways is only ae 
^tl to 5 f of the narrow yet formed, and perhaps a 
^greater disproportion exists in those projected, 
still, if the principle which Mr. I. K. Brunei 

I adopted is the coiTect one, sooner or later hh 
fviews may come to be adopted, and the broad 
gauge extended. 
' It may, indeed, seem a great hardship and a 
uselfiBs expense, and in many cases impoasible to 
convert the narrow into the broad gauge, al- 
though it is a simple thing to alter the broad 
to the narrow, as it would require, in the for- 
mer, widening of embankments and enlarging 
of tunnels aud bridges, all of which things would 
occasion a greater outlay than railway com- 
panies can reasonably be expected to agree to ; 
it ie, therefore, the more imperative that no 
dubietv exist as to the real advantages of the broad 
gauge. It has, indeed, been very naturally sup- 
posed that in thia mechanical age some scheme 
z 3 
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will be devised to get over the difficulty cf 
having recourae to altering the gauges of exist- 
ing rail\YaySj to adapt them to each other. 
Several suggestions have been made and plans 
devised to attain this object, and already has 
an ingeniouB apparatus been tried at the Pad- 
dington station of the Great Western, by 
means of which it is stated that thirty or forty 
trucks or waggons^ containing 30 or 40 tons, can 
be removed from the narrow to the broad gauge, 
or vice versd, in about six minutee. 

What the public are most interested in, in tlifi 
discussion of the merits of the gauges, is the safety 
and comfort of railway travelling ; and that doubt 
should hang round a point which should not be of 
difficult solution, Joes not add to the confidence 
in this mode of transit. 

The opinion in favour of the broad gauge of 
7 feet 18 founded on various reasons; amongst 
others, that additional speed with greater safety ie 
attained ; that there ie a decrease of friction by en- 
larging the diameter of the wheels ; that there m 
afforded room for broader trucks, better adapted 
for many kindd of goods, and that there is alfio 
afforded a larger space for the machinery, and 
room for a larger boiler with a gi'eater extent of 
fire-box surface. From the great generating sur- 
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fiice for raising ateara more water ia evaporated, 
and the motive power proportionahly increased. 
So much so is this the case, that by recent improve- 
menta on tlie Great Western line, its supporters 
estimate that the express trains will be enabled to 
carry 300 passengers or 120 to 130 tons, at the 
rate of 65 to 70 miles per hour. Another ad- 
vantage of the broad gauge, an important one, is, 
that greater stability is given to the carriages by 
keeping down the centre of gravity, from the body 
being inside of the wheels. 
1^ The objections to the wide gauge are founded 
" on the greater cost of the railway, aa also of the 
engines and carriages, the additional weight on 
the rails, and the additional friction on the curves. 
The reasons given by Mr. Brunei arc stated to 
be fallacious, namely, that the narrow gauge is 
dangerous at high speed, and that it does not affoi'd 
scope for the powerful machinery neceseary for 
locomotivee to attain high velocities, while by in- 
creasing the gauge he should be able to use higher 
wheels to lessen the friction ; but Mr. Brunei 
^klias abandoned the high wheels for carriages he 
first used, and reduced them to the reasonable 
dimensions of 6^ to 7 feet diameter; and the 
other reasons, whatever force they may have first 
z 4 
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had, no longer exist. The eiipporters of tlie 
narrow gauge statCj that by the improvements 
which have been introduced, namely, iucrenBing 
the length of the boiler and generating more 
ateain with the same fuel, the aimplification given 
to the working gear, and the improvements lately 
made on the valves and expansive apparatus, 
means are provided for economising steam faster 
than it is required; and that as an engine can go 
at a velocity of upwards of 60 miles an hour with 
a wheel of 5 J feet diameter on a level, aud nearly 
the same on a moderate incline, on a saiisre of 
56^ inches, and that aa it is equally safe as re- 
spects accidents as the broad gauge — what real 
advantage can be derived from making the 
change? 

Thus we perceive the advocates of eadi gauge 
are at no loss for arguments to support their rival 
claims for public approbation. ^H 

Whatever may be the opinion of diftcrent en^^ 
gineers as to the preference they give to the 
narrow over the broad gauge, it appears, so far as 
can be judged of, that the public feeling is in 
favour of the broad gauge. Although many think 
it is best to let well alone, and wait for more 
experienco as the safest teat, yet procraetinating 
a decision of this point can be productive of 
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nothing but inconvenience, anJ we have ali'eady 
seen how many years in railway advancement 
were lost in fooliah aaeomptlons which it few 

IexperimentB could have speedily tested; and 
surely it ia time that a point so iraportant as the 
best gauge of rails for public safety ehould be 
placed beyond cavil. 

K Perhaps the main objections to the broad gauge 

" arise on the ground of increased expense in the 
first construction, and the fear of being forced, 
from oircumatances, to tesu- up existing rails ; for 
all statements promulgated as to the inferior 
stability of carriages on the broad gauge, and 
danger fram their axles breaking, arc properly 

■considered fallaciong. But objections arising 
against altering existing railways cannot apply 
to the numerous projected lines before Parlia- 
ment. 

^h As the Act passed in favour of the line from 
Oxford to Wolverhampton carried the broad 
gauge into the heart of England, the railway 
companies took the alarm, and much discussion 
took place on the question of the gauges. A 
statement was issued by those connected with the 
narrow gauge, to the effect that the mixture of 
gauges would be attended with two great public 
evils ; the one arising from the change of passcn- 
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gers and gooilg from a line of one gauge to tbat of 
the other ; the second from the mcreased cost cod- 
eequent upon the furrnndon} in many caae^, of two 
lines of railway, wliere one would have answered 
the purpose. 

Parliament, during the seesion of 1 845, having 
expressed no opinion in favour of the broa^ 
gauge, as the game doubt and uncertainty 
still hung over the subject, a royal comjuission 
waa apjKjinted by government on the 5th of 
July, 1845, to inq^uire into the question, — 
whether, in future Acts of Parliament for the 
construction of railways, provision ought not to 
be made for securing a uniform gauge> and 
whether it would be expedient and practicable 
to take meaeuroa to briog the railways ab-eady 
constructed, or in progress of construction, in 
Great Britain, into uniformity of gauge. 

It must now be matter of regi-et that this 
question bad not long ago been taken up by go- 
vernment, as it Hcema self-obvious that the UDi' 
formity of gauge would not only be of great 
utility in the United ICingdom, but throughout 
Europe. 

The opinion of this commieeion, if founded 
on sure evidence or well-conducted experiments, 
will be of essential eervice in affording luiifomi 
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data to go by m the planning of railways. Be- 
sides the broad and narrow, it has been previously 

RfitateU, that the Irish coinniiasbnere recommended 
a gauge of 6 feet 2 inches, not widening the cai-- 
riages, but making the wheels outside the bodies : 
this gauge has been adopted iu Ireland) as ako a 
gauge of 5 feet 6 inches. To establish a third 

Kjailway gauge in BritaiDj however desirable it 

' might have been at one time, would now be 
attended with much practical inconvenience. 
Still, however, if such a gauge is really the beet 

K ibr the permanent interest of the public, no in- 

' convenience should weigh against public safety. 
Iflx. J(jhn lliller, C. E., a gentleman of great 

■ experience in railway engineering, in his evidence 
hefore the Committee of the House of Commons 
on the Oxford, Worcester, and Wolverhamptou 
Bailway, stated his opinion to be, tliat he con- 

■■■adered a medium gauge of 5 feet 6 inches as the 
preferable one. Other engineers have considered a 
gauge of 7 feet not too broad. But if Mr. Brunei'^ 
gauge, namely 7 feet, be found to be too broad, 

Hhnd 4 feet 8^ inches too narrow, in aU future 
trunk lines of i-ailway, a gauge of 6 feet might be 
adopted, and means might be found of working the 
present lines in existence without material altem- 
ion. A gauge of 6 feet, surely, cannot be deemed 
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too broadj when we find the body of a carriage 5 
or 6 feet wide, and 9 feet high, weighing 4 tons, 
resting on eo narrow a base as 561 inches^. There 
can be little doubt entertained that the choice of 
the narrow gauge originally was inconsidei'ate, for 
when a broad machine, with a comparatively high 
centre of graTity, is placed on a narrow basis, a cer- 
tain degree of danger must ariae of its oversetting, 
at high speeds, even on a straight line, by the 
accidental sinking of the rail, and more so from ita 
■ (iscillation on sharp curves, which exist on many 
railways. It may be fairly presumed, that many 
of the new lines now in progress have been forced 
into the adoption of a gauge of 56^ inchee, 
perhaps against the wiehes of the engineer, eimply 
because they are to be connected with other linea 
nf a sinailar gauge. 

It would perhaps have been more advantageous 
for the public interest had the powers of the 
commiasiou appointed by government been ex- 
tended further; for not only is the question of 
the railway gauge environed with doubt and un- 
certainty, but almost every other point connected 
with railway construction. We find, even tlic 
other day, one engineer recommending single line 
railways with steep gradients as the safest — a 
plan which other engineers and committees in 
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^Parliament condemn. The question of gradicutrf, 
^•curves, and even the form of, and manner of lay- 
ing rails, has not yet been fully detennined. 

Since the preceding observations were in typi'j, 
the report of the Gauge Commissioners has been 
presented to Parliament. It ia a very able docu- 
ment, and appears to have fully considered the 
arguments on both sidea. That it could not givi; 
satisfaction to opposing parties may be readily 
■.surmiBed. If the conclusions are therefore dif- 
ferent from what, by some, were expected, it 
I cannot be imputed to prcjudiccj or any undue 
partiality. 
The following is a summary of it ; — 
The Com misa toners state in tbe outset that, 
I. Their attention was first directed to nsccrtain ■wliethtr 
the break of gauge could te justly conaiJered as an mcon- 
▼enience of so much importance as to demand the inter- 
ference of the legislature. 

They divide this subject into foTir heads. 
1st. Aa applying to fast or exprcsa trains. 
They believe that the ineonvenicnce produced by tbv 
break of gauge will, Jn sonns respects, be felt less in tliesn 
than in other trainj, and do not consider tbe iDConvenieiMM' 
of SO great a nature as to call for any legislative nieaatire?, 
either for its reiiioval or mitigation. 
2d, Ordinary or mixed trains. 

They arrive at the conclusion that tbe break of gauge 
would inflict considerable inconvenience on travellers by 
the trttins now under eoDsideratton, and that Uiis ineon- 
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venience would be much increased lit points of coaTi 
geDPe of more than two Itoca. The cbange of carria; 
horse-boxes, and trucks of an entire laden train would be 
serious inconvenience during t]ie day, and at night wciuM 
be an intolerable evil ; therefore, Icgiiiliitive interferenoe 
called for, to remove or mitigate such an evil. 

3d. Good a trains. 

The Commissioners are of opbion, that a break of 
gauge would altogether prevent the transfer of yrtinles 
of machiiierj ; and that with respect to gouds, raiirerals, 
ngTjeultural produce, cattle, &«., it would create serious 
intonveniunce. 

4th, Conveyance of troops, 

TUey are of opinion that the effect of a break of gmige 
might expose the country to serious danger. 

On the whole, they sura wp their conclusions hy stating 
that they consider a break of gauge a very serious evil, 

II, The second stage of their enquiry is, to discover the 
means of obviating or mitigating the evil which they find 
to result from the break of gfl'ige- After enumerating the 
several mechanical plans which havt been siiggestcd, yh.. 
1. telescopic axles, an arrangement for the wheels to 
slide on the axle so as to contract or extend the interval 
between them ; 2. a form of truck adapted to the broad 
gaugfi, but having a narrow rait on ita upper surface ; 3, a 
method of shifting the bodies of carriageB from a platform 
and wheels of one gauge to that of another; 4. a proposal 
to c«rry goods in loose boxes which may be shifted from 
one truck to another, the Commissioners state their belief, 
that no method has been proposed to them which is calcu- 
lntc<l to remedy, in any important degree, the inconvenieiK 
attentling a break of gauge. 

HI. The Coramissionera nest view the subject wii 
reference to the gcnerd policy of the country, involving 
safety, accommodatiun, and coavemence for pasaengcfs 
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and goods, spoed, and economy, Upon these Tarious 
points, tbej enter wUb great mtnutenesa, and sum up as 
follows : — 

" 1. That as regards tbe safety, accommodation, Fuid 
convenience of tb« passengers, no decided preference is due 
to ettlier gauge, but that on the broad gsiuge the ujutiou is 
generally more easy at high velocities. 

*' 2. That in respect of spe«d, we consider the advantages 
are with tbe broad gauge, but we think the public safety 
would bi.' endungered in employing the greater cupabilitlea 
of the brond gauge ninch beyond their present use, except 
•in roads more consoliditted and more substantially and 
perfectly fyrmed, than those of the existing iiiicis. 

" 3. That in the commercial case of the transport of 
goods, we believe thii narrow gauge to posaeas the greater 
convenienee, and to be the more suited to the generiiE traffic 
of the country. 

" 4- That tbe broad gauge involves the greater outlay, 
and that we have not been able to discover either in the 
maintenance of way, in the cost of locomotive power, or in 
the other annual expenses, any adequute reduotiou to com- 
pensate for the additional first coat. 

" Therefore, esteeming the importance of the highest 
fipeed OB expre-sa trains for the accomniodaiion of a com- 
pfuatively small number of persons, however desirable that 
may be to them, is of far less moment than nffording in- 
creased coDvenience to the general commercial traffic of the 
liountry, we are inclined to consider the narrow gauge as 
tiat wliicli should be preferred for general couvenience ; 
imd, therefore, if it were imperative to produce uniformity, 
we should recommend that uuiformity to hs produced by 
an alteration of the brood to the narrow gauge, more 
(jspecially when we take into constileratioTi that the extent 
of the former at present in work ia only 274 wWan, while 
that of the latter is not less then 1901 miles ; and that the 
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alteration of tiie former to the latter, even if of equal lengili, 
would be the less costlj as well as the less difficult oper- 
ation." 

The Coinniissioners guard themselvea against expre^iug 
ati opinion in favour of the narrow gauge of four feet eiglit 
and a half inches, as in all reapecta the most suited foT tlii' 
jreneral objects of the i-ouiitry. But, on the whole, they 
submit the foltowiiig recomraenflations ; — 

" 1. That the gauge of four feet eight inches and a hall 
he detlared by the legislature to be the gauge to be useil 
ill all piiblit: railways now under constructjonj or hereafter 
to be constructed, in Great Britain. 

"2. That, unless by this consent of the legislature, ir 
should pot be permitted by the directors of any railwav 
company to alter the gangc of such railway. 

" 3. That, in order to complete the gcnerul chain ut' 
uaiTow gauge communication from the north of Engl an 'I 
to the Boutbeni eoast, any suitable measure should 1m» pro- 
moted to form a narrow gauge link from Oxford to Keatt- 
ing, iincl ihence to Baaingatoke, or by any shorter route 
connecting the proposed Rugby and Oxford line with the 
South-VV^estern K till way. 

'* 4. 'iliBt as any junction to be formed with a bro;iil 
gauge line would involve a break of gauge, provided our 
first recommendation be adopted, great commercial con- 
venience would be obtained by reducing the gauge of th«' 
present broad gauge lines to the narrow gauge of four feet 
eight inches and a half; and we, therefore, think it desirabln 
that some et^uitahle means .should be found of produciiif; 
sufh entire uniformity of gauge, or of adopting eucli other 
course as would admit of the nari'ow gauge carriages poitsing, 
without iuterruptiou or danger, along the broad gaugf 
lines." 

The report is signed by " J. M. Frederic Smith, Lieut, 
Co!., R. E.," " G. B. Airy, Astronomer Koyal," and " Peter 
Barlow." 
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The report admitSj wbat lias been long believed, 
that the advantage of high velocity and ease of 
motion is with the broad gauge ; that the driving 
wheels with it admit of greater diameter, which 

kis favourable to high speed ; and that a greater 
evaporating power can be given to the boiler 
without its undue elongation; while with the 
narrow gauge, the increase of evaporating power 
cannot be got without the elongation of the boilerj 
or raialng its centre of gravity, both of which are 
dangerous at high speeds. Or should the power 
be increased by placing the cylinders of the 
engine outside the framingj it tends to produce 
at high velocities a rocting and irregular motion 
of the engine. 

The Commissioners remark, " that the result 
has been, that we are fully satisfied that the 
average speed on the Great Western, both by 
express traioB and by the ordinary trains, exceeds 
the highest speed of similar trains on any of the 
narrow gauge lines." From experimeats made, 
I the average speed of a train of 80 tons, exclusive 
of engine and tender, on the Great Western, was 
found to be 47 -5 miles per hour. On the narrow 
gauge the speed was leas, and when attempting a 
high velocity the engine ran off the raile. 

A A 
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Notwithstauding tliat the report appears to be 
in favour of the bioad gauge, except for the coo- 
Teyance of go&cb, the Commissioners recommeiid 
thatj in future, all railways be conatructed of the 
narrow. This conclusion isj no doubt, coiue to 
merely on the ground of the convenience of having 
a uniformity of gauge. They likewise remark, 
" aa regards the safety of the passengers, ao pre- 
ference is due with well-proportioned engines 
except at high velocities, when we think the pre- 
ference is due to the broad gauge," 

It is thus admitted that for passenger traffic 
the advantage lies with the broad gauge ; for 
although high velocitiea nmat be deprecated as 
endangering public Bafety, if carried to an undue 
excess, especially on lines where the railway is 
not of aufficient substantiality to bear it, still as 
rapid travelling is a desideratum by many, if kept 
within prudential limits, it must be an object if it 
can be corabiiied vvitli perfect safety. The pre- 
ferable gauge must therefore be the broad one, 
" where the motion id generally more easy at high 
velocities," and where no necessity exists of over- 
forcing or taxing ingenuity to give power to 
machinery when there is not space to place it. 
With the public mind the question of the gawge 
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will etlll be very niucli where it was. It might 
have been useful, had the point been more fully 
considered iu the report, aa to the practicability of 
converting the narrow into the broad gauge, or 
establishing an internoediate one. 

The following among other appendices iire 
eubjoined to " the Report," aeemiiigly, to show 
that by excessive speed accidents will occur on 
I iKith gauges. 
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Stttteraent of Accidents abstracted from the Reports of the 
Railway Department of the Board of Trade, in which the 
Engine and Carriages, or some part of the Train, have 
run off the Line, without any known ohstrtiction, from 
September, 1840, to Slarcb, 1845. 
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Similar Accidents which have oocurred since the last Report 
of tlie Boanl of Trade, from March, 1845, to the 1st ot 
January, 1846> 
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That the uncertainty which hangs round many 
of these points should lead to expensive altera- 
tiona need not excite surprise, and that accidents 
should spring from such causes is equaUy aj>- 
parent. Even the datum * of a railway section ia 

• The datum ia the horizontal line in a rwlwojr section, 
from which the heights or depths of the places are meaaured, 
mid tci which all levels refer: Ljf the Standing Orders the 
datum must refer to some fixed mark. 
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not defined, some engineers considering it desira- 
We that one datum should be fixed for all railways 
in Britain, while in practice it ia not Bo- 
lt hae been seen that the invention and per- 
fecting of the locomotive engine was a work of 
time. After the maturity locomotive travelling 
ias reached, one can hardly doubt that, with so 
powerful and controllable a motar, the safety ou 
railways will be much greater than it has been. 
One thing seema apparent^ that the use of loco- 
motive engines cannot now be objected to from 
the want of sutEeient power. It haa, indeed, 
been well remarked, that with steam as a moving 
power, the quantity of work to be performed 
need never be diminished, as the performance of 
it can always be effected by augmenting the 
power of the engine, provided the works are so 
subatAtitial as to bear it; and this result has 
been fully verified in the history of the locomo- 
tive engine, as it has been shown that the rails have 
been increased from 50 lb. even to 85 lb. per yai'd. 
It hae been shown that the old ride, which but 
a few yeara ago obtained, that a gradient of more 
than 1 in 105 could not be profitably worked 
except by stationary engines is a fallacy, for such 
has been the success from the recent — practical, 
ot theoretical — improvementa made in locomo- 

A A 3 
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tive engines to adapt them to ascend steep gra- 
idients, that It is prabable it niay^ lead to material 
clianges in railway conatruction. If a gradient 
of 1 in 37 can be overcomcj one of 1 in 75 cannot 
now present mncli engineering difficultj. It has, 
indeed, been conaittercd possiblcj by the increase 
of power given to locomotives, and by improve' 
merits in their construction, to enable them to 
ascend steep inclines, in many cases, to avoid 
tunnels, viaductSj and other expensive earth 
worka, which ao much increase the first coat of 
railways. Whatever may come of the contem- 
plated saving, there ifl evidence sufficient to show 
that engineers do not now hesitate to adopt steeper 
gradients than formerly to overcome physical ob- 
gtacles. This idea has been adopted by the 
engineer of the Caledonian Railway, yrho stated 
in evidence that he gave a preference to a straight 
line, with steep gradients, to a curved line, with 
better gradients. On this line, now in course of 
formation, there is an inclinCj rising I foot in 75, 
and 1 in 100, for 9 miles between Beatock and 
Evan Waterfoot, — 5 miles of which ie 1 in 75. 
By reference, likewise, to many Hallway Acts, 
and prospectuses of projected lines, inclines of 1 
in 70 to 1 in 80 in the line of way will be found, 
and steeper inclines for short distances. The 
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fonner class of gradients ia to be worked with or 
without assistant engines ; the latter with special 
engines. On tbe Beatock incline, from the length, 
an assistant locomotive engine is to be maintained. 
Nothing, however, shows more the uncertainty 
which surrounds the subject of railway engineer- 
ing than the opposite opinions entertained. It is 
remarked by one engineer that he sees no reason, 
why, in many casesj hydraulic locks should not be 
used to do away with inclined planes altogether. 
The same idea, several years previously, is given 
"by another writer ; namely, that a train might be 
changed froni one level to another ujion a plat- 
form raised by machinery ;■ — a plan which has 
lately been proposed for another purpose, that 
of overcoming the obstacle of different gauges of 
rails. 

Whether the proposal to do away with inclined 
planes or to overcome steep gradients on railwaye 
by increase of the tractive forcej ia to be suc- 
cessful, time can only tell ; but so far as has been, 
accomplished with the locomotive principle, tliere 
does not appear any valid reason for superseding 
it on this ground by the atmospheric system. The 
success attending the applications of the loco- 
\ motive engine for eteep gradients has, of late, 
led to very sanguine views being entertained of 
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greater improvements yet to be made on it. 
Beyond a certain angle and rate of speed they 
never can go with safety, and even in ascending 
the angle they can now do, there is, as one 
writer expresses it, such a development of asth- 
matic symptoms as to Batisfy any one of the 
etnuQ and loss of power undergone. To be 
Batisfied with the application of the impelling 
power to ascend moderate gradients seems the 
best plan; for even were ateep gnidicnts easily 
ascended, they must be with risk descended. 
Extreme gradients obviously involve much clanger 
in traversing them, and nothing but the result of 
ample experience will satisfy any prudent person, 
so far as is yet known, that in railway formation, be 
the cost of works what it may, moderate gradients 
should he dispensed with. If, by the substitution 
of powerful locomotives, tunnelsj viaducts, and 
q^uick curves can in any degree be done away 
with, an object of importance is gained. While, 
however, duly appreciating the skill displayed by 
which steeps of considerable altitude are climbed, 
it must not be overlooked that the triumph of 
railway engineering lies in good gradients, and 
that every departure from the level is attended 
with n certain loss of power. 
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CAUSES OF RAILWAY ACCIDENTS. 

T'rom tlie rapidity with whicli railways liave 
been extended since 1830, there has hardly hceii 
left sufficient time for matured experience to per- 
fect detaiU, The numerous and fatal accidents 
which have happened with locomotive engines 
were supposed to he nccesaarily attendant on the 
infancy of the system, and aa more experience 
as acquired in itj it was presumed, they would 
be got the better of ; but their continuance lias 
created well-grounded alarm as to the efficiency 
of the eystcm itaclf, and ledj ae we have seen, to 
e considei-ation if a Bafer method of traction 
could not he substituted. The absurdity of the 
advocacy adopted by its sanguine supporters has 
lone much towards weakening the public con- 
fidence in the locomotive system. By these 
persons it has been argued, in favour of the com- 
parative safety of locomotive transitj that tlie 
number of accidents bears no proportion to th(.^ 
number of passengers, which, in 1842 alone, were 
estimated at lS,OOOjOOO. But what force can 
^^here be in such a comijarison ? The question is 
^BOt one of per ccntage or statistics, but> h loco- 
^■aotive trAv<iUing based upon correct principles 
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for general safety ; for, were even the chances of 
death as only 1 to 1000, why ehould one be 
exposed to this contingency, or run this riskj if 
it can be avoided ? 

The total number of personal railway caaual- 
tiea reported to the Board of Trade for the 
quarter ending the let of April, 1845j was 39; 
being 22 deaths, and 17 injured. In the succeed- 
ing quarters of 1845, the numbers are probably 
greater. 

It haSj indeed, been attempted, from the official 
reports of preceding years, to show a progressive 
diminution of accidents from the 12tli of Auffust, 
1 840 (the date of the passing of the act for the 
regulation of railwaya) to the let of January, 
1842 ; but there is no truth in the statement- 
During the last five months of 1840, by these 
official reports, the number of accidents of a public 
nature were 28, by which there were 22 deaths, 
and 121 eases of personal injury. In 1841, the 
accidents were 29, from which there were 22 
deaths, and 71 injured. It is quite certain that 
though railway accidents vary in particular years, 
yet there is, in reality, no more diminution of 
them on any fixed data of calculation, than there 
wa^ before tliat act was passed, or even from the 
opening of the Liverpool and Manchester Rail- 
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way. It is, therefore, quite a raistakej and has 
the tendency of misleading the public to suppose 

■St otherwise. The remedy for the evil is much 
more likely to be found, and a cure effected, by 
open investigation than by attempting to conceal 
it oi" gloss it over. 

^b Ab the railway movement must now proceed, 
it therefore becomes, as has been observed, 
of the greatest iraportance, both to the nu- 
merous undertakings establishedj or to be esta- 
blished, and to the convenience of the public, 
that every thing should be done, which care and 
attention can do, to make railway communiea- 
tlon as perfect as possible. In order to effect this, 
much more is necesaary than well-laid roads and 
well-constructed locomotive engines. Punctuality 
is of vast importance in ra'dway business. Men 
who are to direct and manage should be men of 
ability and energy, capable of seeing quickly what 
ought to be done, and of enforcing discipline. It 

^ has been complained of — that, with the increase 

^'of railway business, confusion has increased, and 
uncertainty as to the arrival and departure of" 
trains, which did not previously exist. It has 
been complained of— that, instead of growing more 
perfect by practice, the increase of business has 
made railway travelling somewhat less perfect, 
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less to be de[)ended on, than it waa. The move- 
ments of a great railway require to be governed 
with as much precision as a great army. Strict 
discipline sliould be enforced every where. 

It is much to be feared, as the railway system 
ia extended, that without the exercise of such ligi- 
lance as here enforced, confusion may be increased, 
and, instead of railway accidents being diminished 
by experience, they may be multiplied. It may be 
useful, therefore, to attempt to ti-ace the real 
causes of the fretjuent accidents on railways. 



EAILWAT ACCIDENXa 



I 



Railway accidents, with the locomotive eystem, 
may be classified under two heads : — 

1. Those accidents arising from mismanage* 
ment, or from railway administration, and from 
negligence, 

2. Those arising from errors in railway oon- 
etrnction or defect in any part of the working 
apparatus. 

Under either of these heads, but especially the 
first, accidents are eo numerous and multifarious, 
that it would fill volumes to describe them ; and, 
indeed, it aknoai becomes a rai'e cLrcum stance to 
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take up a newspaper without the eye falling on 
the worda " Fatal or Serious Railway Accident." 
Under the head of accidents attributable to 
mistnanagement, or to the railway administration, 
and from negligence may be classed the numerous 
collisions of trains ^ — the running of one train into 
■another; the running of carriages oiF the rails 
from extreme or reckless driving. 
^ Under the head of accidents, arising from defect 
fin railway formations, may be classed carriages 
running off the nula from the imperfect state of 
the rails or aleepera ; want of consolidation or 
solidity of embankments; improper curves; de- 
fective fences, bridges, viaducts, and tunnels; 
imperfect state of the engines ; boiler explosions ; 
ignition and burning of goods and carriagesj &c. 

I But some of these may also in part be attributed 
to mismanagement or the administration. 
There is a third claaa of very serious accidents 
on railways, by which many deaths have oc- 

tcurred, but which it does not fall under the 
qbject of this work to dwell upon, although, no 
doubt, many of them might be averted were there 
existing a more perfect system of railway sur- 
veillance — I mean accidents which are commonly 
considered attiibutable to the imprudence of 
parties themselves. 
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I. ACC[I>£2^'TS ABISJKO FROM MISUANAGEME^'l 
OP THE RAILWAY AtoMlSlSTEATION, ASH 
PROM NEGLIGENCE. 

Theire is no class of acddenta which it may 
be presumed admits of a more certain remedy thaa 
those arising from misiuanageiiieut. This mis- 
management often proceeda from false economy 
in the employment of persons at a low salary who 
may be unacquainted with ra-Uways, and who can- 
not from previous habits appreciate the advan- 
tages of a well-maintained system of discipline,— 
or it tnay sometimea arise from retaining and 
using imperfect engines and from the want of & 
proper supply of these to work the line. 

The want of an efficient head or strict super- 
intendence at head-quarters extends its banefiil 
influence over subordinates, and the railway sys- 
tem never can be efBcieut unless throughout 
every branch of it the most perfect vigilance, 
regularity, and attention be maintained — and 
peraons be appointed, not because they have 
interest to obtain a situation, but because their 
aervicea are valuable for the post they are to fill, 
from their knowledge and experience. By liber- 
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ality and encciuragement, and the eiuployiuent uf 
able persons, accidents would auon be dimiaisbcd. 
Without entering into minute particulars, I shall, 
for the sake of illuetration, give noticee of a few 
accidents under the first headj that of mismanage- 
ment^ gleaned from the journals of the day. 



ACCIDENTS FROM COLLISIOK, 



A case was brought 'before Willmni Jeffcock, Emy, the 
aitti&g magistrate at the town-hall, Sheffield, Aug. IS. 1845, 
which shows in a rerawkable degree the sad results- — 
probably denlh or injury to some fifty or sixtj persoris — 
whieh niiifht have arisen from the gross misconduct of an 
engine-driveri lu the employ of the Midland RiiilwBV 
Company, and which was only piwented by the extraor- 
dinary presenile of mind of another engine-driver named 
TaUent. 

Robert Bell, a nsan about 40 years of age, was brought 
up in cuatody, (.'iwrged under the Railwfiyii' Regulation Act 
(commonly called Lord Seymour'a Acl), with gi-osa miscon- 
duct whilst in the service of the Midland Hallway Company 
JIB an engine-driver. For some time past, workmen have 
been employed on iibout two miles of one line of rails, in 
taking lip the old and laying down new ones of a heavier 
deseriptinn, and in consei|uein;e only one line of rails was 
ivailitble for the pu^age of the trains both ways. As a 
necessary precaution against any collision, men had heeti 
placed at signal-pos.Ls a sliort drsluneo from e^Luh otlier along 
ibe portion of the line under repair, iiiid the euglne-drirerD 
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hwl receiveJ sfript and special injunctions iierer to pan 
over tlie 'points' at each end, at a greater speed th&n fife 
inilea an Uour, and that ujwn a trsia being due from Mas- 
IjorongU or Rotberham, tlie trains from Sheffield sboiild 
swp upon the usual Eiij:nal being given at the end of tJu 
piece under n?pair nearest Sheffield, until the traia ip- 
proaching in the opposite dir<»ction shouid have jtaased oyer 
the ' points ' to its own line agdn, Oti Sunday aftemora 
the engine, of wbich the prisoner was the driver, vts 
iittacbetl to the train which left Sheffield a few uiincttes 
Iwjfore five o'clock, to meet tJie train from London at Maa- 
boruugh, and nothing unusual -was obaerved in the prisoner's 
conduct until the train -vfos stopped at a distance from anj 
station, without anj signal helng given, and in the middle 
of the long cutting at Brightside. Upon the guard gelling 
off his seat^ and making inquiries, the prisoner was unable 
to say from what cause he hail stopped the train, and the 
guard then saw from his ajipearant^o tliat he was intoxicated 
After cautioning him, the guard allowed him to go on in 
chaise of the train, and on nearing the point -where the liac 
w^ used hotb wajs, he saw tliat the signal to stop wm 
shown, and that the train due from Hotherham was a^ 
proathing in the contrary direction, but on the same line of 
rails. Seeing that the prisoner did not appear to notice 
these, he called out to hina as loud as possible to shut off 
his steam, and at the same time the stoker, who was on tLi! 
tender, pointed out to the prisoner the danger they were 
in. 

The prisoner then went to the side of the engine, but in- 
stead of shutting off the steam, he turned it the reverM 
way, thus putting the engine to its full power. They wer? 
then within a short distance of the points, and the driver of 
the other engine, seeing from the speed at which the pri- 
soner's engine was coming, that it was impossible for him to 
stop before he crossed the points, and that a coUisIon was 
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ineTitable unless he could fret; over tlic points to liig own 
line before the priBoner'e train reuclied theiti, instmitly put 
on the wlinle of his steam, and providentislly got over jtist 
as the prisoner's engine passed within a few inches of the 
last carriage in hia train. The two traina were proceeding 
at the rate of thirty miles an Jmur, over an embfinkment, 
and unoMier itistmit would have brought lln;m in cuUision 
with oath other; tind if this had taken place, it wns impos- 
sible to say, and horrible to think of, what might have been 
the dreadful contequcnce, 

A fearful follision took place on the Birmingham and 
Gloueeater railway, on Satunliiy, Aug, 30th, 1845, by 
which one engine man was killed un the spot, another 
80 much injured that his recovei'j i'*^ impossiblf: ; and the 
twa stokers and several passengers have received severe 
ii^jurieB. On reaching the spot whore the catastrophe had 
occurred, near (he DefTord station, the scene of wi-eck and 
dcstruetinn biiifled iiil deseriptinn. Twu Irains had evi- 
dently come into collision; the engines, shutt(,'r**d and 
broken, were lifted liigh in the air on a mass of broken 
carriage?, ti-unks, and luggage, the debris of ivhicji ivas 
scattered over the road for a. considerable distance; but, to 
sdd to the horrors of the scene, the burning cinders from 
the engines had set the wreck on fire, which a number of 
workmen were endeavouring to extinguish. Alfliuugh 
aeveriil of die ofiiccrs of the lino were standing around it 
was impossible to ascertain wilh »ny ceit;iinty how llie eol- 
ligion r«idly nt'curred ; one policeman, who njipufti'cd in- 
clined to be coram unicalive, being instantly cliL-cked by 
one of bis superiors in authority. This muet, however, was 
admitted, that one of the engine- drivel's lay dead in a shed 
n€ar the upot, that nnother had been conveyed toWoixester 
ki a ah (>cki ugly mutilated conditiim, and that two stokers 
nd several paaaangera were more or less injured. Tho 
D B 




damage done to llie engine and carriages was roughljf esu- 
mated at from three to five tbnussnd pouncls. 

The collision appears to linve taken jilaoe under tbc f'll- 
lowing circumstances ; — the third class train leaving Bir- 
mingham at lialf-past four o'clock last evening:, was due a 
Deflbrd station at fifty minutes past ulne. It had arrived 
eafely near thitt spot, mid was proceeding at its usual pace, 
when it had to pass a spot where, owitiy to some repairs, * 
single line of raila only w;is in use ; while traversing tlie«: 
it was met by a special passenger train, proceeding on tljf 
same line of rails at a rapid pace towards Biruiinghani. 
Neither party being aware of the proximity of the other, n 
collision was the reault> which has tlius been attended wifli 
such serious and fatal consequences. 

It would be premature, witk our present limited meam 
of information, to inquire by what means the two tmiin 
could thus come in collision ; but that there was great 
blame imd mismanagement somewhere is but too evident i 
and occurring, as it did, in the darkness of night, and when 
botli trains were going at their full speed, it is only to be 
wondered at that a, greater sacrifiee of life and property 
bad not been the result. It i-s but justice to the mEmag<en 
of this line to state that, although several fatal accidents t«> 
the company's own servants have occurred, yet that since tht 
opening of the line, now nearly seven years, not a single 
passenger has lost his life or suBtained any serious itijiii'r. 

A frightful, but fortiiaat«ly not s fatal accident, hap- 
pened at Preston on Sunday, Sept. 18. 1845, at eight o'clock. 
As a train of nearly thirty carriages wafl starting slowly 
from the Freston and Wyrc Railway stjilion ihere fur Fleet- 
wood, and was crossing the Lancaster line, which is close to 
it, and befiire it bad got hsilf over, a Iniin fropi Lancaster 
dashed right into it. The engine threw up and diunuged 
two of the Fleetwood carriages, containing nearly one hun- 
dred persooB, got off the rail, and was almost iinwediat 
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brought to a stand-iitlll therebj-, iind \>j the weigLt of tbe 
two carrlagea, which hirnig across it like a pair of panniers. 
The carriages arc such aa tire used for goods and cattle, but 
were this monuiig crammed lull with huxnan beings. The 
constcriHition was gi-eat enough, but providentially the 
injuriffii to the pa9seii5:era nre not serious. The cause of the 
accident, may be attributed to the Lancuster train leaving 
Laucftster much past it« time, and coining almost into 
Preston at nearly thirty miles an hour instead of seven or 
eight- Signals were made for it t« ato]), but the efforts of 
the driver were iDcffectual to check the engine, which wa« 
ft light four-whcGied ooe. 

A railway train collision took place on the I^ewcastle and 
DarlingtO'n Railwiiy betwceu Sunderland and Broekley 
Whins, Oct. 1845. The foUowing particulars arc by «. 
geatleinati who was present; 

We sitai'ted from Suuderland by the half-past three 
o'clock P.M. mail train. Before we hud proceeded above 
half a mile, we came in contJict with the three o'clock 
train from Newcastle, both proceeding at a quick pace at 
the time. Tlie collision waa moat fearful, and the conse- 
quences very serious to the passengers. Our passejigera 
inciuded several gentlemen, and about half » dozen ladles. 
Not ii single pci-sou travelling with our train es-caped injury. 
A Mr. Kiehard!*<") and a Mr, Gutch wei-e both badly 
brutseil, and especially the latter gentleman, whose fiiee was 
paiiitiilly disfigured. lie was rendered very feeble owing 
to loss of blnoil. Our stoker had, I believe, his arm broken, 
while the engine-driver, seeing his danger, saved himself by 
leaping ol!" the engine. A boy, about fourteen years of 
age, hnd his eyes frightfully bruised and cut. One gentle- 
man sustained a, contusion on the leg. All the women were 
severely slunueii, but more particularly tvvu of them, one 
of whont had an infant at the breast in lier arms itt the 
time. The ehild did not Bc*un to be much the worae. Ilavincr 
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onl; one carriage: with our train, it is miraculoua that ereiy 
lift! was not sacrificed. The maasive iron of our engine and 
tender wn3 shntteri'd to pieces, and our escape from cert&in 
death can only lie ascribed to a strong truck wliichwts 
plflceil between ouf carriiige and the engine. That criming 
from Newcastle was a larger train. Its engine was likewifi)! 
much broken, nnd latmy of tbc pasaengers injured, but less 
seriously tlmn tbose of tile cjtlier train. What is inexcuBable 
la connection -willi ilic tad occurrence is, that it look place 
at a junction of two lines (the one being a diversion for 
the conTeyiince of coals), where there is only a singlt 
row of rails, and where the sigunl Hsigs for the Newcastle 
trAto to stop were jictujiHy hoisted at the time. When the 
engine-driver of that train, however, was n<skcd why he did 
not stop, his only reply was, that he was aware he ought to 
have atopped, and did not know why he did not do so. 



ACOIDEKTS FROM ONE TRAIN RUNNING INTO 
ANOTIIER FKOM OVERTAKING IT, OK THE 

LIKE. 



But railway colliBions seem to arise more fi 
queiitly from trains being run into from behind 
than from frontal eoncussioti. Public attention 
has recently been called to the very dangerous 
practice of having an assistant engine to fuUow 
the trains from the aerlous accidents which oc- 
curred on the Eastern Counties' and other rail- 
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ways. 

An accident having occurred on the Eastern Counlii 
Kailway, on Monday, 29th July, IS4S^ on« of t!ia passen-' 
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gesra stated, lliat having biiiird & iroise behind, between 
EomrorJ and BretitforJ, Le looked and saw an engine 
ibllowin;* tbc train at fall speed ; a Yioleiit shock took 
place, and a lady hid her mouth much cut and her back 
injured. 

The practice of having an attendant engine 
to push a heavy train up an incline is a com- 
mon one. But this plan should, if possiblcj be 
avoided by tbe engineering arrangements, for 
wbere the attendant engine is permanently re- 
quired to work the line, it remaine as a perma- 
nent defect to the railway. Nothing can be 
conceived more positively dangerous in locomotive 
traction than placing passengers between two 
powerful macliincs, each itself sufficient to crush 
to atoma the intermediate carriages, while the 
least derangement of the motion of one engine, or 
the other, must be attended with a severe shock. 
Truly the passengers in such a position may say 
to turn from Scylla is to fly to Charybdis, If 
passengers knew the real danger of eucli a poei- 
tioHj they would not be so eager to get into a 
railway train, but nither refuse at once, as a body, 
to enter the trains until the following after en- 
gine was removed. If a few of the directors ot 
office-bearers of railways, where such a system ia 
lulopted, were accidentally subjected to the dread- 
ful crush of a powerful assistant locomotive engine 
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rushing into their carriages, it might tend to db- 
c:^rd for ever a practice eo derogative to railffsy 
engineering. It is a practice indicative of tfifliaj 
with the public safety, from mistaken economy, 
to save, perhaps, the expense of the formation 
of proper working gradients. 

It was stated, in the session of parliament, 1845, 
hy one member, that he had been much alarmed 
ou the Dover line by seeing an engine propelling 
a train behind In which he was. Numerous let- 
ters in the newspapers frequently describe tie 
alarm of passengers from the continuance of tfe 
practice. It was only lately much alarm was 
created to the passengers on one railway frorn 
two large trains, proceeding at the rate of thirty 
miles an hourj each propelled by a locoraotiw 
beliind. There can be little doubt frequent eoa- 
cussions aiTse from the attendant engines, which, 
if unproductive of serious accidents, are never 
known to the public ; and when to use an assist- 
ant engine behind the train is so obviously 
attended with danger, the wonder must be how 
any railway company can permit it. Wliere 
an excessive incline exists, injurious to the 
general working of the line, and which cannot _ 
be surmounted with one powerful locomotive,^ 
the assistant engine should be placed in fh>nt 
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of the train. On one railway, where a yerj 
Bleep ascent of 1 foot in 40 ia regularly gone 
up by locomotives, the ordinary engine is first 
attached to the train, and in front of it a 
powerful auxiliary locomotive, made expressly 
to be used on the incline. Wlien the summit 
is reached, the leading engine draws off the line 
and permits the second engine to proceed with 
the train without interruption, I have seen 
eighteen heavy-loaded carriages with pasaengerg, 
besides luggage-vans, and the two engines ascend 
this incline at considerable velocity. 

An accident occiUTed an Sunday, iTtli August, 1845, 
at tbc Tiarby statiow, on the North Midland Railway, 
to the mail train irom Leeds, wMcIi, though fortunately 
not attended with fatal results, was productive of serious 
injury and nlarm to the passengers. The train had reacted 
the ticket [hlatfortn in safety, when the highly reprehen- 
sihle pniLitice of detaching the engine from the front, and 
placing it at the back of the train, 1o propel it into the 
station, was adopted. The engine not having been stopped 
in time, or the break not applied, the train was forced 
into the station-hoiisc with great violence, smashing 
the first carria^Oj and tUrow-ing it up on the platform, 
and breaking the strong iron and wooden balustrades 
that are placed there to keep off the paasengers. All the 
passengers were thrown from their SWitS by the violence of 
the shock. Fortunately no bones were broken; but tnany 
persons received severe cuts and contusions, heatls and faces 
were dreadfully disfigured, and one lady was sadly shaken 
by the concussion. Several minutes elapsed before any at- 
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tentmn waa pniil to the injuTcd InUiriduals, who -were »t 

I length lakfii to the intimiary, where their wounds an<! bruise^ 

I were dressed, sifter ^¥hil;ll they were enabled to proceed bj 

I the next train. In this ncviilent not the sligUt^si polltativt 

presents itself for llie recklessness of the railway people. 

A (IreaiU'ul eoUi/ion took place upon the Eastem 
Countieg Railway, in Aut^ust, 1845, by whJLh one per- 
eon nearly lost her lift.', ami several otbcrs were inosl 
I neriously injured. The trnin, wliicli leaves the statioc, 
I Shorediteh, at half-psu^t twelve, p. m., was proceeding nt it 
rapid rale, between Eomford aad Brentwood, and irheu 
about balf-ivay between those atations:, a drendllil coHisioo 
took plaee, by which the passengers were thrown vinlendj 
from tbetr seats, aad tlaahed against each other and the sides 
of the carriages, occaaioning coasidenible injury and alarm, 
It was some time before the train could be sloppoil, or the 
extent of the injuries a^sixrtained. On the stopping of the 
train, it was found that the cause of the itccident was tbe 
breaking away of the last carriage. The trains, at this por- 
tion of the line are j>ropel]ed by two engines, the one before 
and the other behind; and, from BOme fause or other, the 
hindranst engine broke away the last carriage from the traiit 
and aftenvards run into it, by which the injuries were 
caused. 

A very alarming accident occurred at the railway 
terminus at Bristol, on the night of Thursday the 18Ui 
September, 1845. A train frotu Gloucester ran into the 
Exeter luggage-train, while the latter was passing from the 
Bristol and Exeter to the London line, and seven truekt 
were smashed. There were two hundred passengers, but no 
one appears to have been injured. "Our informant," says 
the Somerset County Gazette, "attributes the damage to th<? 
carelessness of the engine-driver upon the CTloueester line 
as the Exeter train had t!ie red liglita burning on the last 
cirriaj;*-'-" 
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A aeriaus railway accident occurred on the Eustern 
Counties' riiilwajr,at tliu Waltliamatatioo, on Monday iiiom- 
ing, NovembeF 10. 1845. A truck of the goods' tniin be- 
came disabled : this i^jiused a stoppage, and before it was 
finally cleared the fish train from Yanuouth, to which a 
second lildnn caiTiagc and a, truck, with sheep mejvly, were 
attached, arrived, and was detainuJ close to the station. 
The mail train, due at 5 o'clock, being now espccled, a 
person with nn alarm aignal was sent down the line for two 
bnndred yards; but, from some unexplained cause, the train 
■was not stopped sufficiently In time to prevent it running 
with tejTJfie force into the first train. The effect ■svoa the 
destruction of the truck containing aheep, and the overtui-n- 
iiig of the Boeond class carringe into a ditch. There were 
only two paascagers in the carriage, one of whom had 
Ilia right arm put out of joint, and 'was otherwise much 
bruiaed. Tlie other wtia severely cut about the head. The 
engine of the mail train was completely overturned ; the 
driver and stoker niiraculoualy escaped without a bruise, 
and neither passengers nor carriages were the least iujured. 
On Wednesday night NuVLaiber 26th, 1B45, an accident 
occurred on the Great Western railway, which pnjvidentially 
took place ivitliout injury to servanlg or passengers. There 
is an engine employed at the Box station to assist or push 
the luggage trninn through tjic tunnel; and, in con-sequence 
of the darkness of the night, and the noise of the wind, 
the driver started this engine a little too soon, and, almost 
immediately, ran into the train sideways, striking one of the 
^(ructs near the end. The force was so great that the engine 
ras tlirown across the rails, and eight or nine trucks driven 
Hcmt of their course, with a third class passenger carriage with 
passengers. About a quarter of a oiilo on, the couples di- 
vided, and trucks, carriages, and all went into the hank, the 
rest- of the train proceeding as if nothing had happened. 
Hpfhe poUeeinea on duty were imniediately at hand, and de- 
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lirered tlie passengers fitim their dark and dreadful stite, 
bat, strange to say, not one of them waa injured. On pre- 
eeeding to the engine the driver and stoker were alike na- 
jnjured, a heavy fall being all tbey hjul to complain of, Pi* 
bably such a narrow escape was never before known, wbai 
it is (•(insidcred that there were three engines in front iirf 
upwards of forty trucks; that the assistant or 'bank en- 
jjine,' aa it is palled, struck the train within a few feetonJj 
of the pfvasenger carriage, and that after the collision hwl 
taken place, and the following trucks were driruw off ttt 
rails, thoy were dragged off a quarter of a mile, tearing of 
the cross wooden bars and the ground in their counts. 

On Tuesday morning, 2d December, 1S43, aboQt om 
o'clock, an accident occurred on the York and Norlh Mid- 
land railway, in conseqaetice of a speeia! train running into 
a luggage train, a little beyond the Barnsley station. No 
lives were lost in the collisitm, though one of the pa8seng«n 
in the special train received a severe contusion on the 1^ 
unit the stoker had his foot seriously bruised. Several of 
► the carriages of the luggage train were shattered, and some 
sheep which tlicy contained killed. 

On December lOth, !845, a collision took place, on the 
York and Scarborough railway, by which scvernl persCHS 
were sevt^rcly injured, owing to the reckless conduct of «n 
engine-driver. He was the driver of a ballast-train; afid. 
instead of propelling his train into a aidina;, previous to the 
expected arrival of a passenger-train, he continued on the 
main line tiU it was too late to prevent an accident. 

On tlie morning of January 13. lS-16, a wimcwhat alarm- 
ing collision took place on the Clelnnd Eaitway, close to its 
junction with the Wishaw and Col tncss line, at the Uoly' 
town Station. The wooden waggon which leaves the 
Ncwarfhill depot at nine o'clock, with passengera for the 
Wishaw and Coltneaa train to Glasgow, was proceeding 
rapidly in this manner towards its destination, when, 
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whether from neglect on the pnrt of the conductor, or the 
insufficiency of the drag, we know not, it came into violent 
contact with some stationary trucks at thelloK'tovrn Station; 
and the passengers' wDiggon being unprovidad ivith buffers, 
springs, or anything thiit could soften the effect of siicti a 
collision, the whole of the passengers were projet-ted roughly 
forward ; many of them were more or lesa injured, and one 
gentleman, in particular, had one or more of his ribs 
hrokeo. 

On the Dover or Soutt Eastera lincj on 29tL 
July, 1845, an accident occurred whicL, al- 
though not exactly originating from the use of 
the attendant ejiginc bcliind, yet fully proyes the 
danger which arises from engines following after 
a train. 



I 

^H It appears that when the eTening train &om Dover 

^Bliad tuTived at Tuubridge, the last of the carriages, at the 

^Hbock of which the Signal lamps showing behind were placed, 

f^^ was detached from the train. The train from want of ma- 

niLgament or circumspection (attributed to the confusion of 

the moment) was allowed to proceed witlumt theni. To 

complete the disaster a pilot-engine was absurdly sent after 

the tnaa with the lamps l«ft behind, and wh«n the train Tvas 

in the act of stopping at Penshurst station, the pilot-enginL' 

coming up suddenly, without perceiving it, run into the 

train behind, when instantly three or four of the carriages 

were doubled up, and about thirty persona received eon- 

tusiotiB ; one had his leg tractured, another received a 

severe injury of the spine. 

The driver of the pilot-engine on his examination stated 
in extenuation, that in coming up with the train he did 
not observe it, tiU it was too late to prevent the concussion. 
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The person who sent forward the lamps said tbat be cat 
eidered it hig duty ta do soi, to guard against other coIU^ 
qticiices. The resident engineer obaerved that he could lol 
say whether it waa proper or improper to send fijrwaiil ik 
signal- lamps with a special engine. He admilied it 7UI 
new prftctiiie, but it was done for the best, to prevent pa- 
haps a serious aceident to the train when reaching wiibcitn 
lamps the Brighton line at Ilcigate, where so msmy turn 
meet. 



Y^y 



In this accident may be fully perceived die 

want of a calm and deliberate sarvej of the train 
before allowing it to start from the station, 
wliicli it was the duty botli of the guard and 
the station-keeper to have made ; for if this had 
been done the accident could not have happened : 
it show3 the foUy of a hasty, blustering system 
of confusion and miamanagement} and the evit 
effects resulting from a reckless, constrained, 
forcing system of undue speed, not perniittiug 
a sufficiency of time at etations either for pas- 
sengers to join or leave trains, far lesa to disen- 
gage or attach a carri^e to the trains. It also 
proves the extreme danger in almost any clrcuni-^ 
stances of permitting one locomotive engine t^^| 
follow the path of another. For without thene 
can be a sympathy, which is an absurdity, be- 
tween the engines to regulate tlieir respective., 
velocltieSj they may be brought in an instant 
contact. 
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Few actildenta can be traced more distinctly to 

iear and defined causes, and it is fortunate it is 

i; for could no explanf*tion be given of it, a well- 

groiinded alarm would exist against the whole 

I railway lucomotive eystenij which would tend to 
the entire loss of public confidence in this mode 
of transit. 
Another serious one ocpurred on the 30th July, 1845, on 
the London nntl IJirmingluim Railway, eviduntly proceeding 
from wiint of inaiiigcment, and the defective ftrmngcraent 
and intersettion of the rails already noticed; but Tvhtch has 
heen attributed tn a dense fog preventing the red signal of 
danger being seen at the Ciimden Town station. The train 
wlijeb should arrivu at the Eustoii Sqnure station from 
Birniinghain, about five o'clotfe in the jnorniiig, ran into the 
goods" train as it was crossing the line; two of the Wading 
carriages of the train were thrown over by the concussion, 
and several of the passen>.'ers were seriously hurt. One 
gentleman had a dreadful fr'aeture of the knee joint, and 
was otherwiBO injured, and died in the University College 
Hospital seven ilays after the {imputation of the limb. 

In this accident, which might have been still 
more dreadful in its consequences, it h stated, no 
fault was imputable to any one, that it was an 
unavoidable accident, arising from the iraposBi- 
bility of the engine-driver perceiving the signal, 
in consequence of the fog ; although, at the same 
time, it is admitted that the traina had arrived 
before the regular time, and the goods' train was 
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fiftj' luinutes bcblnd iu time. The sigaal-maE, 
at tho Camden Tow a Statioo, stated that, at- 
though he turned the red gignol when the goods' 
triiina began to tuove, stUl this slg^nal was u\tt 
sufficient in a dense ft>g. There was suflScieni 
admittance of the confusion of the arrangemeutfi. 
and the neceeeity pointed out of having distinct 
and easily heard eignals adapted for foggy 
weather. A blue light might be iiaefuli burned 
when the roods' trains beffin to move, and at 
the time the trains are due, and occasionally t<i 
indicate that the way is clear. 

The vcrtliet given by the jury was, " That Charles Deiti 
tlicil from an injury to his left k'tj, cnused by an ai-cidenti 
collision on the London anJ Birmingham Railway near Ui 
(■amikn Town; and that the engine marked 91, belong- 
ing to the company of that rnilway, moved to the death of 
the tleccasoil ; that ltd value is j^IOOO; and that they milk'' 
» deoilaml of the sajno engine to the extent of jflOOO." 

In il(.4iv«ring this verdict the jury express their opiniun 
llmt the laws and regrultttions of the London and Birminghaai 
Itailwiiy Compjiny for the guidance of servants hare been 
carried out very ineiBciently for some time past ^ and {i»Tlli<!fi 
the jury consider that the area of the Camden Town station, 
and the syatetn of rails there laid down, are too tnucli 
cramped and limited, consistently with tlie public Baltfty. 



1 



ACCn>ENT8 FROM EXCESSIVE SPEED. 
Another class of accidents arieea from raie- 
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management, but from very opposite causes thim 
laarrangements, and which may be more pro- 
perly attributed to foolhai-diness., rashness, or 
imprudence, although others consider it displays 
fearless intrepidity. And perhaps accidents 
rising from this cause are the most numerous ; 
the least impei-fection in the working machinery 
makes their effects more serious. In generalj the 
complaint with those who travel much on rail- 
ways is, that they go too fast and not too slow. 
A few years ago twenty miles an hour, aa has been 
previously shown, was considered fast travelling ; 
while fifty or sixty, and even seventy miles, in- 
cluding stoppages, 13 now done ; and an express 
train has gone with a lojid of eighty tons, exclusive 
of engine and tender, at the rate of sixty-five miles 
per hour, and the regular average sjieed on the 
Great Western is from 41 to 47 miles per hour. 
All this excites little wonder, and will hardly 
even satiate the growing propensity for rapid 
travelling. 

Some entertain the idea that there is just he 
much personal risk in the event of the collistoD of 
two trains, when going at a moderate speed, sup- 
pose thirty miles, as there is at sixty miles an 
hour,^ and that therefore one may just as well go 
by the swift train aa by the slow. It may, liow- 
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over, reasonably be inferred, that at the iDcreaid 
speed, if an accident doea occur, it is likely to k 
more extensively destructive. The effect indeed 
of the collision ofii body in rapid motion with oae 
with lesser momeiituui is developed in the general 
defltniction of the latter, a^ is fully proved in 
collisions, both in railway trains and steam- 
vessels ; hence it ia necessary to curb the undue 
speeil uf the one, if it was no more than to pre- 
vent the destruction of the other. 

There cannot be any doubt that in proportion 
as the velocity or impulse is increasedj the con- 
trolling power is diminished. If the gpeed h 
Incresiscd from thirty to sixty, or seventy, miles per 
hour ill locomotive trains, this increased impetna 
must make the train less under control, or more 
difficult to be quickly stopped, even by reversing 
the engine, and therefore the violence of the tson- 
cussion must be more dreadful in the CTent of wi 
obstruction appearing on the line. There is an 
example of this afforded by a fatal accident which 
occurred on the Birmingham and Bristol line, in 
June, 1845. 

The train was gofng at tlie mBJcimum spee*! of sixty 
miles per lioiir, when an oTiJ Tvoinati was oliaerved an 
the line, and nlthoujih the steam was instantlj bluwn off", 
witl the engine revursed two bundred yurd-* before coming 
to the plfice where the woman was, such was the mO- 
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filChtuin that the tra.iu, a-l'tur [lassiiig ovei' niid carrying 
the fragments of the body forty yards, ahsolutely pro- 
ceeded from 400 to 500 yards from tlic spot where the 
accident liappened before it could by stojjpwJ. 

Numerous examples mtglit be given, to show 
that however well-managed a railway may be, 
•with increase of speed the danger from accidents, 
to a certain extent, mu.5t be increasedj for no 
precaution seems to be able to guard against 
obstructions occaeionalty accidentally arising, and 
\*'liicli may even be mischievously made, and 
these must continue to form a certain amount of 
hazard in locomotive travelling, 

A striking atcident latoly occurred, showing 
the violent effects of concussion from speed, but 
also combined with imperfection of the rails. 

On June I6tli, 1m4j, thi; Iiiggage viin <))* an ospres* 
train, with n great iiiiittl'er of jtasseugei's, on the (Jreat 
Western Railway, wbicli is statt-d to have heen propelled, 
at the mujtient ol" the aecitlent, at the rnte wf ueiirly severity 
miles all hour, ran oil' the riiil wtilinut oiiy assignable eause, 
although there ean be no i>ther [irnljnlilf than a deficiency in 
some piirt of the rail«. Ii mu l<)i" liidfa mile unpereeived on 
the longltuditud tinibeifi without ditipiiidng the caiTiagei, till 
it came in contact witli u girdor at a bridge, when the wheel 
ran into the ballast: fortiimitely the engine and tender sepa- 
rated fruiu llie carriages, but sn buildL-ii and Icarlul was I he 
estaatruphe, that tww first cla!»fi aiitl one i-eetiml cltwo ear- 
noges were thrown with fearful violence oii' the line and 
down am embiinlcnicnt, about fifteen feet in depth, with an 
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alarmiDg erftslt. One of the eamagea turned twice over an J 
remalowl with its vrheela in tlie air ; one of the carriages was 
thrown cnmpletely across the line of rail ; no lives were lost, 
but forty p«i-rion» wurc more or less injured, A repetition 
of a sitniliir accident happened near the same place on the 
Friday afterwards, when the rate of speed was forty-five 
uiilea an hour. 

On these accidents, the inepee tor-general of railwajs, 
Jlajor-General Pasley, reported that they arose from the 
elasticity of the timber and raDs originally laid down. 
aud the rails being too light ; that the remedy was, first, 
to replace all the light sleepers and hog trough rail^ witli 
the stronger and heavier alcepera and rails of itr, Bru- 
nei's last approved pattern ; secondly, that experience 
has proved the impropriety of mixing light foiu"-wlieele<I 
and heavy six-wheeled carriages on the s'Miie sMtiTi trun, 
and that the former should be discontinued ; and thirdly, 
to have a carriage without passengers next the tender, with 
six wheels, the same weight as the passenger carriftgra, 
which may be used for luggage, in order thsit a t^arrijige in 
this position may receive the first shock in case of acci- 
dent. A writer in the " Times " paper attributes this 
accident, with much probability, to the old raila being so 
reduced, being only 1^ inch high, that the tire of the 
wheels of the carriagefi did not support the whole weight, 
but the flanchea ran over the raised tmts, the tire in some 
pl&ces being clear of the raila, as the tops of the nuta 
were bright from the friction of the flancbes. The offidoJ 
report, however, clearly arlmits that the defective conslruG- 
tion of the rails was the cause of the accident; and this fact 
proves, not merely the necessity of precision in the con- 
struction of rails, but also of conatant circumspection, aa the 
best means of preventing railway companies being csoa- 
ftantly assessed in damages. 

An accident occurred on Wednesday, 24th Dec. 164S, 
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^^ withm a. mile of Tbetfordt on the Norwich Railway, by 
which the engine-driver and stoker of an up train vpere 
killed. It appears that the engine, when going about 50 
miles per hmtr, dowa an incline of 1 in 100, ran off the 
line, from the left to the riglit, upwards of 200 yards 
when it ran down an embanktncnt and betame embedded' 
in the earth. In its progress, the chain which eonnected 
the tender with the carriages anapped, and to this cir- 
cumstance cliieflj the passengers were indebted for their 
safety, because the tender, having disconnected itself from 
the engine, fell right across the rails, and thua formed 
u barrier against the further progress of the carriages. If 
this fortunate eircuniatance had not taken place, the car- 
riages must have been dragged in the wake of the engine, 
and precipitated along with it down the embankment. The 
stoker leaped out of the tender, and was killed by collision 
with the carriages. The driver was killed on the opposite 
aide of the rail, close by the place where the engine Ues 
embedded, and distant from the stoker about sixty yards. 

kSome idea of the violence of the collision may be formed 
from the fact that the solid timber of the carriagea was riven 
D£ if it had been exposed to the fire of a battery. The luggage 
waggons attached to the tender were smashed to atoms. 
The investigation relative to the death of the engine- 
driver a.txd stoker, killed by this accident, was reaumed on 
Tuesday, January 13. 1S46, and after the examination of 
General Pa-sley, twelve of the jury retiu-ned a verdict of 
" Accidental dearth, caused by the imprudent conduct of 
the engine-driver, in going at excessive speed." 

ThJ8 accident arose, evidently, from over- 

(Jriving the engine, the driver trying to make up 

for lost time. General Pasley stated, in giving 

evidence, that ht; hitd frequently warned engine- 

cc 2 



388 ACCIBEXTS FROM EXCE8SIVK ^PKED. 

drivers of the danger they were incurring when 
driviDg at a rate verging on 50 miles an liutir. 
It le a rule to shut off the steam on descending 
gradients, but in tliia instance it appears from tk 
evidence that the engineer did not shut off llie 
Bteara till after the engine had jumped off tlie 
rmls. General Pasley also objected to the pecu- 
liar construction of the engine ; but without en- 
tering on this point, it is remarked in the ** Cml 
Engineer's Journal," Fehmary, 1846, "a mudi 
more serious source of error on the Norfolk Rail- 
way appears to be the manner in which tht 
transverse sleepers are Jaid, being made of «n- 
squared timber aawn in half lengths. Now tliew 
half cylinders are not (we understand) laid witli 
their flat side downwards, when they are firmly 
supported by the soil, but, on the Norfolk Rftil- 
way, the sleepers are laid with the flat sidi 
Uppermost, and a pressure on one side of tt« 
sleeper would cainse it to elip round-" 



4 



A very serious accident occurred on the Grtut North of 
Englftid line, on the 1st Jaauarj, 1846. For some dajs 
engineers liove been working experimental trains on the 
Great Korth of England line, and on that pnrtion Iwtween 
Thirst and Northallerton more particntarly, to test tlit 
actual amount of speed that eouli! be attnincd. This 
morning a new engine waa bi'Ottght out, drawing carriagw 
weighted at 70 tons, and at half-paat nine o'clock awn; 
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vent the trtdn like an arrow, reached Thirsk station in 
safety, wtea the speed was increased to the grcnteat mo- 
mentum, and when about 400 yards beyond the station, a 
violent oscillating motion was obsefved, which intreaeed 
every yiird, mrtil the engine waa thrown upon her broad- 
side iigaiust a Elight cutting, upon whkh some of the ear- 
riages were thrownj and all more or less damaged. The 
shock had been fearful, and yet the engineers, most pro* 
vidcntially, escaped injury ; one man only, the poor fireman, 
■was thrown on his head upon the opposite rails, and so seri- 
ously injured that he was not expected to survive very long. 
A -very serious collision took place at the Chesterfield 
atatlon, on the Midland Railway, on Tuesday, January 13- 
1846. The down train from Derby to Leeds arrived at 
the station with most terrific speed, and although her 
flteam was shut off, «n consequence of the rate she was 
going at, was unable to stop, and ran with fearful viokncQ 
into a mineral train which waa crossitig at the moment, The 
engine of the pasaeiiger train was thrown oflfthe line, and it 
was almost a miracle tliat none of the passengers were 
either killed or wounded. 

■ Undoubtedly the danger from great increase 
of speed may be rendered leas with judicious 
maniigement ; but as engines are increased in 
power, and increased niomentura is given them, 
they are rendered liable to be easily carried off 
the linea by the whccb meeting the most trifling 
obstruction. It must be obvious the entire com- 
raand over the macliine becomes more diiEcnltj 
and it therefore becomes a matter of deep con- 
sideration, what limit should be given to the 
c c 3 
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Telocity of locomotive trains, or what should be 
maximum speed, as either prudent or safe ; indeed 
it appears, perhapB, a step required to give 
security to the publicj tliat some legislative regu- 
lation should be made on this subject. Few will 
not admit that risk must arise from the foolhardy 
manner those entrusted with locomotive engines 
are bo often apt to view danger, arising, probably, 
from the same feeling which makes those who 
reside near to the crater of a volcano callous as 
to danger. Notwithatanding, therefore, every 
precautionj or the best rules for railway manage- 
ment which can be devised, there wDl still 
remain the liability to accidents from rashnegs 
and imprudence. As rallwaya beoorae extended 
over the country, and almost the only mode ot' 
conveyance, we may be prepared, at first, even 
with iraproveraents on the system of locomotive 
travellingj, from its extent, for, perhaps, an increase 
of accidents. These will be lessened, however^ 
to a great degree on the aggregate amount by 
increased experience and good regulations. A* 
the safety of railway travelling is wholly de- 
pendent on the degree of perfection in the mannge- 
ment the science of locomotion has attained, it 
Ghoulcl therefore be an object to be guarded 
against, that great increase of speed, while it 
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obviously increaace the risk, may not beget a 
Bystem of over-confideuce «rid fearless indif- 
ference which ia often the precursor of some 
result. 
How many fearful accidents have we seen 
from causes which no one could anticipate, and 
which generally come when most unsuspected, 
and when least danger is apprehended. 



ACCIDENTS FROM NEGLIGENCE. 



That many of the preceding accidents owe 
their origin in a great measure to negligencej 
cannot be disputed ; but there are, however, some 
accidents bo diBtinetly attributable to careleaaness 
that the cause of them cannot be mistaken. 




An accident oceurred, June 10. I84S, on the Greenock 
line near J'ataley, which (irigiimtod from negligence or 
•want of circumspectiun. A special train was hired atGreen- 
ock, and the passengcra came up witii tlic sufterintendeut 
of the Greenock station on the teink-r without any (.■wriiiige 
^.ttached; they catue up with great iipced, miO, when clost; 
to the Paisley station, came unespeetedly on men wlio were 
repairing the line^ and who had at the tlnie a. piece of the 
rail lifted. There was neither time for the workmen (o 
|.give the signal for the engine to stop, nor could the driver 
Lmrreat ita progress, but as boos as he kaw the danger they 
Lirere in^ the steam was turned oK and the pace slackened 
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as far sis possible, hut on coming up the whseb ran intoiift 
imcovered earth, atid were imbeddtid to the axle. The 
tunJer ami engine were separated and thrown over by the 
' folliaion, but fortunately no person waa seriously Injured. 
This almost rulraculoua preservation of life most probahly 
ftrose i'tom t]\v. men in the tender keeping their places, and 
taking a firm hold, at the time of the collision, to which 
course they were advisud by the superintendent with much 
preaente of mind. 

Another aecidetit oecurreri on Aug, 1. 1845, of a most 
serious and alarming nature, upon the Northern and 
Eastern or Ciirabridge line, which miraculously waa not 
attended with most fatal eonsequences. It Originated 
evidently from mLsmanagement, or culpable negligence. It 
appeara that in the uji-train, whieh started from Cambridge 
about eight o'clock, the passengers ware alarmed by a sud- 
den colUsion of the carriages at the new branch to New- 
port. It was found that the tender had got off the line bj 
the neglect of the man to sot the points. Fortunately the 
train had just been put in motion, and the impetus was not 
great, and so no casualties occurred. 

A inelaBcholy and fatal .apcidout occurred on the North 
Jlidlaiid Hailvyny, at MasliOrOugh, in Oct. 1845, by which a 
poor man lotit his life. One of the gooda trains from 
Derby had arrived on a Saturday at the Masborougll 
station, at hali'-past one o'clock r.M., when a portion of the 
carriages— six in number — laden with iron, were detached 
fVoHi the train in order that they might be run into one of 
the aidings. A fireman, named John TuniL'T, wb* about 
to do this, wh«n the deceased unfurtunotoly attempted to 
croas the line, just as the train was shunting or backing- 
He was knocked down, and tliree carriagea passed OTCT 
bis legs and thighs, when, strange to say, with his legs 
dissevered, he managed to drag himself olf the rail before 
the three remaining carriages, with engine and tender, 
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lassed OTer him. Me was promptly conveyed to the 
Sheffield General Infii-mary, wliei'e every attention was 
speedily paid him ; but so great had been the shock to the 
systero, accwmpanicil wttli loss of hloqd, that he died at 
five o'clock the same afternoon. An inquest waa held, 
when the jury retirraed & verdict of " Aceideiital death," 
iconipanying the verditjt with a recjuest that the coroner 
"Would write to the secretary of the Midland Company, 
Jiud say that it ytas the opinion of the jury that a man 
should be always stationed on the first carriage of the 
train when shunting. 
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Accidents from tnistakea of the night siguald 
are attended with very serious consequences : they 
g-enerally arise from mismanagement or negli- 
gence, except perhiipa in weather when they can- 
ot be seen. 



On Saturday, Jaimitry 3. 1846, owing to jnisroanagement 
respecting the night signal, one of the Leeds luggage traiag 
ran into a. York luggage train ; happily no one sustained 
bodily injury. 

An accident occurred to the oiail train proceeding north, 
■on Friday evening, January 23. 1846, near the Sessay 
Wation, on the Great North of England Railway, The 
;rain was earlier than usual, and was goin}? at the rate of 
ID miles an hour past the station, when another train was 
tUiicoTered in advance on the same line, and though the 
steam was put offin-^tantly and the break applied, u violent 
foUiaion took place, which broke the engines, damaged 
several of the carriajjes, and injured a number of the paa- 
sengers. One lady was much cut ubout the head and face, 
ftnd one gentleman received a severe blow on the leg. It 
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appears that tlie trtun run into was a eoal traiu on the 
wrong line, it being clianging from one to the other when 
the mail train was tibaurved comiiig, and as tte coal train 
could not gQt out of the way in time, the eugiuemaji put on 
the Etuam and pushed it along in advujice of the mail train 
90 as to afford the latter an opporlunity of stopping ais soon 
as the obstruction was discovered. 

The engine-driver who had charge of the coal train 
hrought up 0. few days ifterj before the sitting magistral 
iit Darlington, charged with iviliully olistructing the line 
rails, and not having proper signals placed to prevent acci- 
dent, wherebjr the eolUsion took plm-e. He was found 
guUty, and adjudged to pa.y a fine of 6i,, and in default ol 
payment to be imjfriaoned and kept to hard labour in tbi* 
House of Correution for one month. He paid the fine an<l 
waa discharged, but has been dismissed the cotnpauyV 
service. 
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How very simply a serioug accident may anee 

on railways from the least want of strict attentio: 
and cai'eful survey, I witnessed, not long sin 
when a niglit train on a, railway started. 
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The carriage nearest the engine had not been properly 
placed on the turn-table, or the table might not have been 
locked ; and vrhen the engine started, it was drawn olF thc 
rails, and such was the noise the steam of the engine ro 
tha.t the driver did not hea.r the repeated shouts to at 
In anotlier moment, the whole carrtagea would have 
overset and perhaps dashed to pieces in a tunnel wliich 
train was entering, when, fortunately, the passengers w< 
relieved from tbcir perilous situation by the driver ha] 
pening to look behind. The carriages were half over, and 
so jamtned that the train could not proceed^ and other 
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Icarriagea Lad to be got to forwaFj the passengera upon the 
[other rails. 

This occurrence was said to be a mere acci- 

'dcQt, which could not have been foreseen; but its 

^origin is easily traced to want of circumspection, 

md probably to the turn-table uot being set to 

the right position. The occurrencej however, 

strongly evineee one of the most prominent de- 

I fecta attending locomotive travelling, — namely, 

^■Uie insecurity arising from 'the helplessneBa of 

^Mhe passengersj the total want of the power of 

communication between them and those in charge 

of the train or with the engineer, and likewise the 

^febyioua defect arising from the wont of a quick 

and easy mode of ooraniunication between the 

guard and the engineerj and between tlie guards, 

when there is one at the head and another in 

^■the rear of the train, although many of the trains 

have only one guard. In corroboration of thie. 

it has been publicly stated, in reference to the 

accident mentioned on the Great Western line, 

that, had there been a proper look-out by a 

guard at the last carriage of the train, and had 

means existed of communicating with the driver 

go as to stop the train, the accident might have 

been prevented^ as many of the passengers had 

Kpbserved something was wrong. 
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U. ACCIDENTS FROM KAIL WAT COKSTBTjCTIOIt,' 
OR FROM DEFECT OF AST fART OF TflE 
WORKING- MACHIJIERT, AND FEOM IMPER- 
FECTION OF THE ENGtJfE. 

Under this second head — Accidents ariaing 
from Railway ImperfcctioDB — a few examples 
may be given by way of elucidation. 

All railway companies have a pei"soii to ejcamine 
the engines when in the stations at both cnda of 
the line, before starting, which is essential for tie 
full perforaoance of their duty, and to insure the 
safety of the passengers. The driver should be 
at the station some time before the time of start- 
ing, to examine and oil the engine; but until — 
:i8 has been well remarked and fully shown at the 
coroner's inquest on the Midland Railway's acci- 
dent — an educated class of engineers are pre- 
pared for the duty of driving, and are paid with 
a. liberal salary, no proper check can exist against 
foulhardiness and carelessness. Some excellent 
regulations were drawn up for the first ajjpoint- 
inent of engine-men, and adopted by the Directors 
of the London and Croydon Eailway in U 
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it perhaps the best and safest chcct wliicli can 
dat is, that, in. every large town where one or 
railway termini exist, an inspector should 
reside, who sihould be totally imconneeted with 
the i^ilvvaj cjompanies, and have full powers at 
all times to examine as to the condition of the 
engines, the mode of working, and state of tho 
railway. This wUi be the more necessary from 
the numerous railways now making, many ol' 
which are unlikely to yield large return, and £o 
will require some inducement for those in tlie 
^^inanagement to expend money on them. 

The following fatal accident fully realises tLu 

truth of the preceding observation ; for, had tho 

ateam-cngine been subjected to a proper scrutiny 

Bb before being despatched, or had sufficient Tigi- 

■' lance an<l prudence been exercised, the accident 

could not have happened. 

The accident occuiredon the evening of the I9th of Muy, 
1845, on the Edinburgh and Glasgow line. A special triiin 
from Glnsfrow, starting an hour and a, hnlf before the regulsir 
One, wjis run into by the latter within s few miles of the 
Edinburgh terminus, and the unfortunate person, who bad 
hired the spec-ial train, was crushed to death. 

The unudc aiisigned for the delay of the special train was, 
that the valve of the pump hud gone wrong, and, from 

Iteukoge, ahimt an hour and a lialf vtnB lost on the di!>- 
taoce of 46 miles. If the Inspector sent away the engine in 
^ perfect state, hcrw this could have happened requires ex- 
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pluuitioa. But surely, wben the engineer of the spcd«l 
I train found he waa losing ground, he should have run no 
' risk when the object for whieh the train was hired waaat 
an end, Ibr what purpose could there possibly be in pro- 
ceeding when the regular train was close bcliind. He 
was warned of its approach, but in place of withdrawiiig 
from the line, although he came without lamps anil 
left no word at the station to warn the next train thmk 
ha*l none, he went on, and at length, becoming conicioas 
of datiger, he came off the engine hinaself, iinfortunaldT 
leaviag the paasunjjer in the carriage, and sent back tie 
L fireiiiiin along the line with a pignal to stop the train bul 
I this was unpert-eived by the engineer or guard of the ap- 
I proaching train, aisd hence tbe cata^strophe. Now all tHs 
P was said to be the reauk of a mere concatenation of cir- 
cumstances which could not liavebcen aTcrted ; but there u 
no doubt that the real cttuste of the accident ftriCTiiioteO in 
iending out an engine in a leaky siid imperfect state; and 
L could the driver establish this fact, the blame cannot beao 
f much attached to him for the consequences which haTC 
arisen from conflicting circurastaiicea, for the fault lay huot 
with those who sent out the engine- 

Since this waa written, Williara Paton, the superintendent 
of the engine dcparttncjit of the company, and Richard 
M'Kab, the engine driver, hiive been brought to triul, Stlj 
i^ovember, 1345, at the bar of the Criminal Court of Scot- 
land for culpable homicide; and the verdict of a jury has 
been to find both parties guilty. The foniver, Paton, has 
been sentenced to a perioiJ of twelve months', and the latter, 
M'Nab, to nine months' imprisonment. Mr. Paton in his 
defence, endeavoured to prove that the fault of the en<^ne 
being in imperfect condition did not lie with him, aa he had 
frequently warned the head manager, or board of manage- 
ment, both verbally and by a written report, that he Lad 
Bot a sufficiency, of perfect engines to work the line, and 
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bat tlie object seemed to be to get aa moch work as pos- 
sible out of the old engines before layiog them aaide ; and 
It, tLerefore, the blatiie could not be imputed to him, but 
the Bj'Stem of maEagenient, Witnesaes spoke in tiigh 
Brtns of hia general character ami of his knowledge and 
ability. The judge, in liia able tiddress when pnsaing sen- 
tence, drew the distinction between the culpability of the 
different parties ; and showed that by iiial-raUway adaiinSa- 
tration, directors made themselves personally responsible. 
Had the defence of Futon, therefoTe, tnncic out that he had 
insisted, and been positively refused, a proper supply of en- 
gines to do the -work of the line, the probability is, that other 
parties eoanected with this ra-ilway would have been held 
responsible. 

An accident occurred on the North Midland Kailwaj, at 
Masburougb, Oct. 21, 1845. The engine of the passenger 
tnan having g<.)t out of order, a roessuge was sent back at 
2 A.M., for another engine, which, coming up at a rapid 
r2»tc, and not slackening pace in time, ran with iiunienae 
force into the train. The last carriage was forced from off 
the rails, and the buffers were forced ihrDugh into the next 
compartment of a first class carriage. One genllcumn had 
his leg broken above the knee, aud another had a compound 
fracture uf the left leg, and both died. The real, cuuse of 
I this accident distinctly OweAitS origin to the iniperfeet 
State of the engines. 

The coroner's inquest on police-sergeant; Stubbs, which 
was ailjourned in ord<!r to have the evidence of Walker, the 
stoker of the pilot-engine, was resumed on Monday, Dec 8. 
at three o'clock, in the council chamber of the Court 
House, Leeds. Walker was in attendance at the time re- 
quired, having been brought from Brighton, where he bad 
been residing since his discharge from the service of the 
Midland company. His evidence of the progress of the pi- 
^L lot-eDgine up to the place where the colliBion took place cor- 



K 



ACCIDENTS FKOM 



imdud, lit evei V material particuli*r, vf'nh his depositioii 
At the inquest on Mr. Bateler. On that occasion he stateil, 
that, as they were coming up to the maJl train, a. white ligkl 
wjiii scon, ami continued to be ejihiljited, up to the tim* <>> 
the .woident taking place- It tras afterwards suggsted tlui 
this might huvu beun n green light, which, at a distance, ha 
the uppearance of a white pne; and Walker had gathewl 
his im|)ressioiis respectuig it when at a considerable dlslantt 
from the mail tniin. Upon the question he was strictlt 
examinwl, at tli(' ndjotu-ued inquest, on Mondav, the l«i 
Becciiibcr, 1845, by Mr. Blackburn, the coroner, aod !«: 
made a very cKiifiisi.'d stuteiueut as ty the use of st.TiJs. Ii 
was evident that he was, in a gri-at measure, i'moraiit of tin 
ruh's liiid dimn by the Midland company for the uge of sig' 
nals; and he cuuld scarcely Ik; expected to be otherwise, for 
he said he was a very Itad reader, and the rules had mitr 
been read ovpr to him. He waa dearly deficient in a tst 
important part (if his dutyj unci grossly incompetent ta In- 
confided »vith any portion of the management of a railirif 
loconjiitivt; cwjjine. lie asserted that the red lights wm' 
Been by liiu» and ^Vheatley liidt'a mile distant from the traiu 
before thorn; and, t'rom that tune, they did evcrythim; tber 
ftOuUl to stop their engine: although he afterwards admittei 
that an engine, going at their speed, could be stopped i" 
three iiundivd yiirds, Tiiis statement beini' in itself udc- 
cided eontnidiction nl' his testimony, in other respects f 
vt'ry cqiiivwal, the coroner said he thought himself acarcelv 
jiisiitied in eontiuuing his exajnination, Eventually the juiy 
dcintt«d to dismiss froia their minds this man's evideni-u. 
The coroner then nsade some suitable observations upon thi- 
eviJence, after wbieh the jury consulted together and r«- 
turne<l a verdict of manslaughter against the driver, Thonm* 
Wheat ley. 

Equally dreadful results arise from defects of 
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the locomotive boilor, or ita mismanagement, aome 
examples of which have been previously given. 

On August 21. 1S45. — On the Great Western Railway, 
shortly after the orrival of the train, which left Reuiling 
at half past seven o'clock, at tbu MaiiJcnliead station, 
one of the tubes of the boiler exploded, rendering it 
impossible for the engine to proceed onwards to Pndiling- 
ton. An express was immediately sent to Mr. Ilowel!, 
at Slough, who lost no time Jn hastening to Maidenhead 
with another engine; but, unfijrtunately, just iib thia 
engine was starting with the delayed train and passengers 
tovvai'ds town, an accident oecnrred, rendering the engine 
from Slough uselosa ; and it was not xintiJ the Oxford train 
arrived at Maidenhead, upwjirds of an hour and h half after- 
wards, that the passengers were enabled to proceed on their 
journey. Just as the dtiy mail train to Eiteter, which leaves 
Paddington at a quarter-past ten, was on the eve of starl- 
ing the saine morning, from the Paddington terminus, a 
siiujhu- accident to the foregoing occurred to its engine, one 
of the tiibes of the Ijoiler suddenly bursting, and thus coai' 
pletely disabling the engine attatihcd to the mail train, and 
delaying its arrival at Slough, the first station she stopped 
at, nearly an hour. Tliis train, and tlie one which left 
Paddington an hour afterward;!, both arrived at Slough at 
tlie same time. Notwithstanding the bursting of the tubL-s, 
no injuries, in any one case, were sustaimjtl by the engine 
drivers or stoker*, nor indeed by any peraotiB connected 
with the company. 
^m In August, 1645, aa the halt- past eight parlianientiiry 
"^ train, or that which carries passengers at a penny per tnili>, 
was standing at the \\'alt(in station on the South- Western 
Uailway on its down journey, the engine being then taking 
in water, and the engine-man beneath yxaininiiig hiti engine, 
«8 b cualomury during h stoppage, a sudden (txplosion took 
D 
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place, find the stenm rushed nut at the lirc-door in a 
tion so that the cugiiie-inan was severeljf scalded. Tie 
liremnn i-seapcd uuhurt. The only other person wlio sos- 
tidaed iiijtiry wos not & passenger, but & bvstAiLden Q» 
WM struck on the back of his head by a piece of coH 
but with no great force. 

Adreadi'iil and fatal accident occurred October 17. 184S, 
on the Great Weattm line, to the train which left Pndti 
ton at 8 A. M. At Wtat Drayton, aboat half past eigl 
o'clock, an unusual quantity of steam was put on from t! 
train having been luiliind its usual time. The envini 
was about to decrease the power of the steam when 
funnel of the boiler exploded, the fragments of which Di 
in all directions, with one amazing and fearful discharge of 
eteam. The unfortunate man was tlirowm from the en"iaf 
and expired before he could be carried to West Drayton 
The passengers escaped uninjured. 

r Another clasa of accidents under preceding 

licad originates not so much from miemanao'ement, 
as from imperfections in the ctmstniction of the 
rails, accompanied by negligence, and these are 
often productive of the most serioua consequences. 
One class of these accidents arises from car* 
riagea running off the rails. A few of these may 
he noticed ; — 



ACCIDENTS THOM IMPERFECTIONS OF THE 
HAILB AND RAILWAY CURVES. 
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An accident occurred on the 2tl June, 1845, to tlie train 
which left Gateshead nC five o'clock fur Sunderlanil, when 
four miles from Gstesliead, the engine became detached 
from the carriiigea, and aoitiG of th<; latter were preci- 
pitated over Si considerable enibaiLkment. 

The recently opened portion of the Northern and Eastern 
Bailwny, on ivhich an appalling accident took place, on the 
4th August, 1845, was the scene of another frightful occur- 
rence on Tuesday afternoon, August Iflth, 1845, of a some- 
what similar character to the one that occurred on the line 
on the 4th instant; and although it was not attended with 
such a. dtplorable loss of life as the prcviotifl one, yet several 
of the pasaengers received serious contusions, and the escape 
ol Ltimiin life may be truly considered niiraculouB. The train 
that left London, at hnlf-past eleven, on Jirriviug about two 
miles beyond Waterbeach, seven miles from Cambridge, 
and the same distance thia side of Ely, the engine ran off 
the rail on the left side, dragging the tender and the whole 
^ft of the Ciirrioges after it. Fortunately this part of the line 
^f ffl a perfect level ; and the engine had not travelled more 
than thirty or forty yards over the ballast, before it com- 
^^ pletely turned over with the tender into a drain partly full 
^■of water. The luggage van, by the sudden jerk, became 
^■detached, and the wheels were perfectly imbedded, and 
thus brought the reninindcr of the train to a stand-still. 
The heafl guiird, who was in bis nsunl seat on the toj) of 
one of the carriages, perceiving th.at the engine had run off 
the line, jumped iVora his place on to the road. The 
step of his scat was driven through the plate-g)as& window 
of a first class carriage, in which were setited three hidicE, 
one of whom was tnuch tut by the glass. During the con- 
fusion, a painful alarm was created for the safety of the 
engine-ilriver and stoker, ns they were seen to be on the 

£>t capsized. To the surprise and grutificiition 
er, the poor fellows^ eTidently much teri-ified, 
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were seen wadiop^ ihrough the water in the ditch tuhurt, 
*It sppesni;, tliat as the engine tamGd over, tUey were 
tbrown some distance from it into tho pool, and were 
mxonVmg\y preserved. Oil tbe _^ar(l making a stridi 
examtnatiaii as to what was likelv tu have caused the acci- 
deat, tlicy fiiunil about thruc iufhes of metal eut off oaeot 
tlie outer rails at a joint, oiid on aearcliing about found the 
piece, which they took eharge of, and broaght it up to town 
jesterdnj', and di-'livered it into the hands of the suncriii- 
tcndant of the line, in order to assist the olfielaJ innuirT 
which will be instituted relative to the ocyurrence. 

A succession of accidents occurred on the Eastern Conn- 
ties Railway, on the portion opened between Bishop's Stort- 
ford wad Ely, which produced much alarm ; for in ndditinn 
to the frightful accidents at Littlesbiiry and Waterbeacli 
on Tuesday afternoon, August 19, 1845, there have been 
four others within a few dnys following each other arising 
from the engine rnmiiug off the rails ; two of tbem between 
WaltLam and Broxbourne, another a short distance from 
Bishop's StortforJ, and the fourth, whieh was somcwtist 
alarmin*, between Cambridge and Ely. In the latter caa, 
an engine wan sent down to Ely, fortunately without niij 
earriagea, and, according to the driver's statement, he 
suddenly felt an excessive jerking which convinced him the 
engine had got off tiie lines, and was running on the sleepers. 
He shut oil' the steam, and jumped on the side of die rails. 
The engine, which was one of the largest description 
recently iiitroduced on the line, dashed on, and went dowu 
an cmbankiuent of eonsidorable dejith, and buried itself in 
a nteadow beneath. The funnel was carried away, and the 
engine injured. The cause of the running off was found lo 
be that the wheel had gone off at a joint of the rails; but 
whether that had arisen from sniy neglect on the part of th« 
'opiate layers, or by one of the wedges of the chairs netting 
kioBc, whereby tbe rail got free, coald not be traced. The 
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piece of metal tbat was cut off the rail, at the joint where 
the engine ran off, wag picked up by the guard and was 
H kept for inquirj. 

Several railway accidents from trains having 
been thrown off the rail a can clearly be traced to 
the short radii of curveSj the evil effects of which 
have been previously described. On many rail- 
ways double curves of short radii are numerous ; 
and from the elevation which must be given to 
the outer rail at these, the least sinking of the 
■uleeperSj, which frequently happens in newly 
opened lines, may be attended with disastrous 
consequences. The sleepers retaining their posi- 
tion merely by the weight of the ballast, want 
K of consolidation is fatal to their stability. With 
Such facts constantly before the public, and with 
accidents of so frequent occurrence, it should be 
incumbent on railway companies to avoid the least 
■ appearance of a niggardly system of engineering ; 
the more especially as most companies possess a 
monopoly of a road. Besides which cheap schemes 
of railway construction proceed on mistaken 
; viewB ; — such plans must prove generally dearest 
the end, from the constant repaira and alter- 
^'^ons that are rendered necessary. 

The accident often arises from a combination 
of causes, as a curve at the foot of an. incline 
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taken at an improper speed, and not slowing Ae 

engine in time. 

arose from this cause : — 



Tlie foUowlug fatal accident 



A very serious and alarming accident occurred on tie 
Nortlicrn anil Eastern Railway with tte down train, M 
August, 1845, wliich, miraculously, was not attended with 
more fatal consequences. It appears tbal the train going 
down ati incline of 1 in 158, with a curve at the bottom of 
it, was suddenly thrown oft' til e mits in taking the curve. 

The passengers were ahirmed by a ahouk, accompanied 
by an exclusion. The engine, after breaking away from 
the tender, had crossed the ruila and was lying bottotii up- 
wards on the aide of the cutting. The tender was at some 
distance in advance of the train, doubled up, while a van was 
on fire ; two carriages next the tender were much broken. 
When the passengers were extricated it was found, provi- 
denliiilly, that few were much hurt ; but the guard had one 
of his legs fractured and much crushed, and died at Addis- 
come Hospital, while the unfortunate stoker was found under 
the fire-box of the eiighie, crushed to duntli,and almost burnt 
to a cinder. This onlamity produced the greatest consterna- 
tion. Severoi hours ehipsed in replacing the rails, both line* 
nearly to the extent of 200 yards being torn up and the 
rails twisted in all forms. The unfortunate guard bad his 
leg amputated, and died soon after. At the coroner's in- 
quest, held at Cambridge, the greatest discrepancy of 
opinion arose as to the real causa of the accident : the peo- 
ple belonging to the company stated that the train was not 
going fiujter than usual, anil that the accident oi-igiuated 
from tlaw in one of the rails. One can scarcely conceive 
how such an idea, could be entertained, no flaw in the 
metal such as described could tbrow the engine and tender 
off the raila with the violence descrfbcd. One of the wit- 
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nesses, Cox, in bis evidence, dlBtinctly dcpoaed to tLe 
leaping motion of the carriage on the rails before tlwi 
carriage ran off the lines. There is little doubt that the 
accident arose from undue speed in going down the descent, 
having a curve at the foot of t!ie incline, 

The opinion of General Pnsley on this accident eeenn^ to 
be, lliat it was produced frotatlie rapidity of speed down the 
incline and the yielciinj; of the rail a,t the curve from want of 
BufUcient consolidation. He £tAt*»l that the engine, was sent 
manj yards from where it first deviated from tlie line, 
showing the great impetus it was under at the instant it 
gccurred, while the flaw found on the rails may easily be 
accounted tor froiu the lurching of the engine in ita 
■velocity. 

The eoroner at this inquest remark^!, " that almost every 
accident he had been called on to attend at railways had 
arisen from curves." This m au opininii deserving the 
serious eongiderntion of engineers and railway proprietors- 
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An accident occurred on the Ayr line, on the2lBt of 
May, 1845, when the train ran over a bullock in spite of 
every effort to eU>p the engine. 

Another accident of a similar kind occurred on tlie 
I5th of June, 1845, on the Iiaateru Counties line. A horse, 
which bad strayed on tlie line, wns cut to pieces, and some 
of the carriages were thereby thrown off the rads, but, by 
the skill of the engineer, the train was stopped and the 
passengers escaped. 

Owing to a cow having negligently been allowed to 
atray on to the Sheffield and Manchester line, by a drover 
&om Fenistone tnttJ'ket<, after dark On Monday night, 
J) B 4 
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October 13. 1845, an accident occumsd, vvhScli had ^vc^- 
iiigh been thu destruction of a whole train of passengers. 
Shortly after the train had left Dunfiird Bridge, and while 
it was dark, a shock was received which threw both engine 
■and train ofi' the line, seriuiialy injiu^tig several of the cur- 
liiages, and almost cniithing the g:uard to denth. As soon 
09 the passengers couhl be got out of the cairiages, it was 
ascertained that a cow had got upon th(» lino, and the cngini^ 
had come in violent uontact with it. The poor aninial was 
nearly cut in two, anil, of course, killed on the spot. In- 
formation was immediately sent to the Shefliehl station, 
and a pilot engine promptly despatched at ten o'clo<:k at 
night. 

A train going west oti Saturday evening last, Nov. 29. 
1845, after dark, on the Newcastle and Carlisle railway, 
encountered some thing lying across the rails between 
Hajdon Bridge and Haltwhistle, which turned Out to be 
a TOW, whieh was instantly killed. It seems the animal 
had jumped out of a truck from a train going east, and 
had broken its thigh. The engine, the Kapid, was thrown 
acpoas the rails, and the driver into the hedge, but he 
cscapeil anhurt, fttid no dumagc vviia done otherwise. 



ACCIDENTS FROM IMPERFECT EARTH WORKS 
AND BRIDGES. 



An accident of a very frightful character occurred on 
Friday evening, December 5. 1845, on the ivorlts of the 
Shrewsbury, Oewestry, and Che-ster Junction Railway, be- 
tween Greaford and Wrexham. Tlie workmen and atone- 
maaona employed on the works at Gre?ford, it appears, were 
in the pActice, on leaving their work in the evening, of 
getting into the earth waggons, and being propelled up the 
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lias to Wrexbani. On the eveaing in ijuestion about forty 
of theta had taken their seats in the trucks, and w<;ro pro- 
ceeding at a rapid rate wlicn, on arriving opposite the race- 
course, near Wrexham, the fireman'^s waggon got off the 
line, and ran down the embankment, dragging with it the 
remainder. One man was ibnnd among the lower trucks, 
frightfully mutilated and qoitc dead. Another labourer 
was discovered with hig left leg severed completely. A 
third poor Creature had his left leg broken in three places, 
while seven or eight others were more or less injured. 
An inquest was held on the body, which occupied a. 
considerable time, in the course of which it was shown 
that the accident arose by the rails sinking into the earth 
below the level of the road, the rails not being properly 
laid on the sleepers, The jury returned a verdict of" acci- 
( dental death," with a deodand of 5/. on the carriage. 

On TbiiTsday, January 1 . 1 846, a very serious land slip 
took place near the Stonehouse etation of the Binningham 
and Bristol Railway. The down mail train from Bhining- 
ham, vvhich was due at Brifitol at five o'clock, January 2. 
had not arrived, and a red light and a bar were placed upon 
the line above the engine to atop the Binningliam down 
mail train until the six o'clock Great Western up train had 
passed. Just at thia moment, however, and fortunately 
before the Great Western engine was attached to the train, 
the Birmingham mail train came rushing down the steep 
incline, passed the red light without stopping, and «, col- 
lision between the two engines was the conseiiuenco. The 
buffers wore driven in, the engines dashed ofl'the line, and 
much injured, but fortunntely beyond the alarm necessarily 
arising from such an accident, the passengers received no 
injury. 

An iiCcident of a fearful and most appalling character 
happened to a railway train on the South Eajstem Railway, 
on Tuesday morning, January 20. 184G, between Tonbridge 
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ami Fenhurat Btadon tctwcen 12 and 1 o'clock. The train 
was pasj^ing over a kind of wooden YJ»du^;t reating on brick 
abutments, passing over a brancli sLrcam of the riTer Med- 
way, when the bridge gave war, and the engine and a por- 
tion of the train ivas precipitated into the stream, ktlljug the 
engine driver, and occasioning a considurable loss of pro- 
perty. The accident is supposed to hnvii happiined from 
heavy rains, the channel of the stream being grcutly swollen, 
and the foundation of the abutments having been injured. 

A fatal accident of another kind occurred at the Almond 
viaduct, on the Edinburgh and GluBgow railway, June, 
lS4fl, which created gi-eat alarm. It is believed to have 
arisen from the Bleeiiers of the raiia over one of the arches 
hiiving two much elasticity, which is understood to have 
since been rectified. An tngino of a fust train was sud- 
denly jerked off the rails when going at considerable velo- 
city ; the consequence of which was, that the engine wbs 
thrown over, and the unfortunate driver was crufihed to 
death. Fortunately, the draw-bar or connecting hooks for 
attaching the engine to the carriages gave way, leaving the 
train upon the rails, otherwise the train might have been 
precipitated over a very high embankment, or over the 
viaduct, the slight parapet of which could not for en instant 
have retained the carriages had they bfecn thrown over the 
rails. 



Few accidents which have occurred have been 
attcntled with more miraculous preservation than 
this; and it should afford a useful lesson in nil 
time coming, of the vast responeibility that lies 
on the planner, congtrtictor, and those in the 
management of railwaySj to have a careful eye 
to the public safety irrespective of expense. 
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The real Cfiuge of tliis ncoident has not been 
officially made public, altliough an examination of 
the spot was anbaequently made by a government 
inspector. If the accident arose from too much 
elasticity of the rails at the spot, it surely ad- 
mitted of being rectified. It is to be hoped that 
the chance of recurrence of such an accident is 
now entirely removed. 

Another class of accidents owea their origin 
entirely to the defects in the construction of the 
bridges on the line. The accidents arising from 
theee are more fatul to the servants of the rail- 
way company than to the pubhc ; atill, aa the 
preservation of human life, in every case, must 
be looked to as a part of the executive police of 
all countries, the servants of railways are as 
much entitled to have their safety looked after as 
passengers. I have before shown the want of 
uniformity of plan which exists in railway works ; 
and in none, perhaps, does it more so than in 
bridges over the line. It would he desirable to 
X, by legal enactment, a standard height. When 
bridges want elevation, they must be liable to 
cause accidents, and when once so erected, they 
remain as n permanent defect on the line. 

The danger from the lownesa of bridges is seen 
in the many accidents which have occurred to the 
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guards on several railway? ; and it is a painful 
[Supposition to the passengers, that a person in the 
rdiBchai^e of his duty is liablcj in a moment, to be 
killeil on the spot or have his skull fractured by 
coming in contact with the arch of a bridge. On 
some lines the guard cannot stand up for a mo- 
ment without running this risk ; and, on some 
lines, he Te(^nircs to keep a constant look out, 
even when sitting on his seat at the top of a 
carriage. Aceidenta, from these causes, haye 
0<^urred in most parts of the kingdom. Not long 
since, on the Glasgow and Ayr lincj one of the 
guards was killed, when sitting, by hi^ head 
coming in contact with a bridge ; and one of the 
guards on the Edinburgh and Gla&gow railway, 
when standing at his seat, was nearly killed on 
the spot from the s,ame cause. It must be ap- 
parent that the remedy for such accidents is, 
when the railway is making, to give a sufficient 
elevation to the bridges. No expense ought, 
therefore, to be spared by raUway companies to 
effect this object. 

A fatal accident occurred on Friday the 30th January, 
1846, on the South Enstern Railway. Aa tbe stoker of the 
engine of tlic half-past 9 c»'ck>c]( train from Dover attempted 
to cross over the luggage van, his head came in contact wiih 
one of the hriJges, anil killed him on the spot. 
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ACCIDENTS FROM CARRIAGE IMPERFECTIONB, 






Another cIeiss of nccidcnts take their rise from 
imperfection in the carriagea : — 

t In the Autuin of 1845 an accident oceurred on the Edin- 
burgh and Glasgow railway, near to the ralmont station, 
■which loight have been prodiu-tivc of serious tonaequcnces, 
bad the truins been going at lull a[)eed. An aJEle of one 
of the tjirriagea gave way, bj which one end of the ma- 
cfaiae was bnmght to tlie grounti, and amashcd in seversil 
places. There were no passengiii's in it. The train in con- 
sequence was detained nearly an hour beyond its accns- 
tomed time ici arriving in Glasgow. 

On Saturday night, Oct. 4. 18-15, an iiocident of a very 
serious kind took place on the Great North of England 
Rmlway, about four miles on the York side of Darlington, 

ly which one young married lariy received a compound 
fracture of one of her legs, the other being also broken, anil 
aeveral other passengers were ent and brnised It appears 
tliat at the York atatioti considerable surprise was mani- 
fested at the arrival of the engine of the mail train, then 
overdue, bearing the letter-bags, but without the post-office 
travelling and passenger carriagcB. 

[ Upon inquiry If waa found that the outer tire of the 
■wheel of a truck, to which the flsuich is attached, bnjke 
near the nut by which it was fsst^iued to the inner tire. 
After breaking across at that point the ends rose, and the 
tire broke a .second time at the next nut, and then a por- 
tion of the tire and flanch came completely off. The wheel 

aving thus nothing to keep it on the rftil, swerved, carry- 
ing the axle round in a direction contrary to thitt in which 
the carriiige wan going, till, coming in contact wjlh the car- 
riage, it threw it olT the line, and dragged the rest of the 
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cttrrkges with it. The broken wheel having gone umler 
the carriage, carried the other wheels awajr, and the car- 
riage was luft without any wheels at all, in which state it 
WAS found after the accident. The breaking of the outer 
tire is attributed to its having been put on too hot, and 
there not. having been sufficient allowiuice made for ita con- 
tracting properly, so that when it cooled it became too tight. 
The metal was in conaequence defective. 



ACCIDEJiTS FEOM FIRE. 



Tlie dreadful accident which occurred a few 
ycara ago on the railway between Paris and Ver- 
sailles bj the carriages taklag fire, and the con- 
sequent death of many passengers by burning, could 
have been easily prevented if a proper system of 
communication had existed. But the cries and 
groans of the tortured and the dying were 
drowned in the rattling of wheels and the puffing 
of eteam. It was not till the whole train was in 
a blaze that the accident waa discovered by those 
in charge, and the train stopped. To complete 
the misery of the unfortunate pagaengere, they 
were locked up in the carriages. The remedy, 
indeed, proposed to prevent so seriouB a catas- 
trophe — namely, the not locking the carriage 
doora — eeems futile ; for leaping out of a car- 
riage on fire, going at the rate of 30 miles 
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an hour, is just the choice of dying in auother 
way. 

In France, as in Belgium and on the continent, 
I can speak from personal knowledge, the tiiil- 
way carriages are very comfortable. Many of 
them are constructed on the omnibus principle, 
number of persons seated in one carriage ; but 
no co-operation had the power of averting thia 
fatal accident. The sparks from the chimney of 
the locomotive enginca are much the same in this 
coimtry as in France : but need we go to the 
Continent to seek for examplea of the danger 
^_ from ignition on railways ? 

^^ On the 28th of May last, on tUe Liverpool line, a carriage 
loutled with pigs took fire, and in a few minuter nearljf the 
whole were destroyed. 

Again, on the 28ih of Junp, in the half-past five o'clock 
train, shortlj after leaving Greenock for Glasgow, a smell 
of burning was felt in one of the third claSiS carriages, 
itnmediatelj tlioreafter the ilamcii burst out on the dreas 
of one of the females, aad as the train was at considerable 
speed, and the wind was high, the utmost consternatioti 
prevailed. By the presence of mine! and aetivity of a 

I young scamaci, the llamca were extinguished, but not before 
0ie female's gown was consumed, all to the body and 
Ueevea. This acoident occurred from a rcd-bot cinder 
(^ected from the funnel of the engine. 
I have seen several instances of per8on& nearly 
in flames from a similar cause in open carriages. 
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when going rapidly thi'ough the air: and it is 
apparent, if the flames reached any height, the 
person must be burned, perhaps to death, before 
the train could be stopped. But how could it be 
stopped? A whole carriaj^e of third or fourtli 
class paEscngera might be in flames, and yet "un- 
seen either by engineer or guard ; nor would even 
their criea for help be heard. What, then, is to 
prevent a Bimilar catastrophe in this couiitrj', 
attending the showering of red-liot cinders upon 
the paaaengers of the open traroe, which occurred 
in France. It is hardly possible to ti-avel in one 
of the open carriages without having holes burnt 
in one's clothes and females' dresses frequently 
become ignited. Wlicn complaint is made ae to 
these annoyances, not imattendcd with much 
hazard, the passenger ia, perhaps, treated with 
ridicidc, or told It is hia own fault in not paying 
for a better claaa of carriage. Such is often the 
spirit of monopoly. In most locomotive engines 
there is, however, provided wire gauze at the top 
of the chimney and other means to prevent the 
escape of the sparks from the furnace ; but from 
being made wide in the meshea when used, to 
avoid injuring the draught, it proves insufficient 
for the purpose intended, and it is therefore ap- 
parent that other means should be resorted to 
to obviate this defect. 
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RAILWAY CAHRIAGES. 




There can be no doubt tliat wlien Grovernment 
had to introduce a bill into Parliament to protect 
the rights of the working classes in railway tran- 
sit, by restricting the rate of charge for third class 
passengers to a penny per mile, and requiring 
railway companies to run at least One train having 
covered third class carriages dally, that much in- 
difference, to eay the least of it, must have been 
shown before any interference took pkce. But 
why restrict the penny a mile trains to once a day? 
why should not carriages of this kind go with 
every train ? Little doubt, however, can be en- 
tertained that the construction of railway carriagefs 
in this country must be soon entirely remodelled, 
or at least material changes made on those now in 
lae, before either much comfort or safety will be 
' attained in the cheaper class caiTiages. It is bad 
enough to be exposed to the annoyance of dust 
and risk of losing ones eyea in open carriages, 
without showers of red-hot cinders, which could be 
greatly mitigated or entirely pre%'ented by proper 
mechanical contrivances. Many persona would 
prefer the open carrii^eB in fine weather, irrespec- 
tive of the charge, were it not for these annoy- 
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aaces ; and in Belgium tbe waggons or open cars 
are filled with respectable peoplej who smoke away 
at their ease. 

In this coimtry the government third cIass car- 
uages are bo hideous and dismalj air and light 
being nearly both excluded, that they are more 
adapted for carriage of prisoners than passengers. 
In some of the third claaa government carriages 
there is a wax cloth curtain to draw over the open- 
ing, in others a small open window, or rather hole, 
is left on both sides of the carriage, excluding all 
view of the countiy. Till the government regula- 
tion the third class were open stalls. The standing 
carriages are now on some lines called fourth class 
carrlageai and open carriages with seats are called 
third class carriages. One cannot wonder a tWrd 
class passenger will rather prefer the external 
atmosphere to the internal of the close penny a 
mile carriages. For example, in the tliird class 
government carriages on some railways, when all 
the blinds are drawn up, which often happens in 
cold weather, the carriage, in daylight, is involved 
in total darkness. Well may it be asked, is such 
a carriage a proper conveyance for any one, far 
less females. Why should not glazed windows be 
in every carriage? it cannot be the expense of 
glass ; and a penny per mile is surely sufficient to 
cover such expenses and pay the railway company 
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properly, and when night trains are used they 
should be properly lighted. Indeed, it may be 
questioned if the eec-ond and third class passengers 
are not the most paying, as tbey arc the most 
numerous class on every railwayj and low fores 
tend clearly to increase numbers, and whv 
should their comfort not be more attended to? 
In the Belgium railways, which arc placed 
under the management of a government director, 
who acts under the control of the minister of 
public works and other functionariea, the rate of 
charge was formerly higher. Wlien lowered an 
increase in the number of paesengersi took place, 
The charge, I believe, now is: ^ — 

II '14 pence per mile first-elass carriage, ^^M 

•93 — ditto aecond-clasa ditto, ^^| 

'56 — ditto third-class ditto, ^H 

or about sixpence for ten milea for the third class ; 

tvrhlle in this country the lowest rate fixed hj act 
of parliament is a penny per mile, being nearly 
one half more. The firat class ia nearly la. and 
second claea lOrf. for the same distance. This, 

»£o\' 46 rniles, would respectively be, about 
4.'. 8tf., 45., and 2s, Ad, ; while the prices in thin 
country are, Ss., 6j., and 4j. for the same dis- 
tance. 

E E 2 
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The railway compuiiea in Uns coontiy Bught 
do well to take a le^scm from their Contmental 
Lne^boura. The carri^eg in Belgium conaat of 
three classes, »s here ; hut they po^ess more com- 
fort and convenience, besides bang cheaper. The 
diligences, or first class, bare a sort of vestibule, 
from which there m ingress to a separate spadons 
apartmentj bandaomelj fitted up, or the cani^ 
is divided by a narrow passage into two compart- 
ments; tliey are stuffed throughout, and exceed- 
ingly comfortable conveyances. The second claas, 
chara-i-banc a glacis, consist principally of one 
large apartment, entirely closed in at the sides, 
a^ the name implies, with glazed windows and 
well-airanged cushioned seats. The third cla^s, 
ojwn and covered waggonsj do not differ much from 
the second, having covered scats, but the roofs 
are sometlmeg supported at the angles of the ear- 
IriagcB by iron rods. The carriages are generally 
seated to hold 32 passengersj and the doors are 
usually pLiced at the ends. Carriages made 
entirely of iron have recently been introduced on 
the Belgian railways. Nor need we look to 
Belgiiini alone : in France the carriages o-ene- 
rally approach to tlie style of the first class iu 
this country. The second and third class, or 
toa^on, far surpaaa tho corresponding classes on 
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our lines. The second, and commonly the third 
classes in France arc perfectly closed carriagesj 
Btu£Ped] cueMonecl, and glazed, each class being 
only a little inferior to the other in decoration. 
The fares, too, are generally low. 

The adoption of such a plan of carriages aa 
those on the Belgian railways, would prevent tlie 
Tisk from the numerous doors in all classes of 
carriages used in this country. These doors arc 
generally fastened by a common spring latch, 
which a sudden jerk may break or derange. Few 
can travel in any of the present carriages vtithout 
the apprehension of serious accidents even from 
the people falling out. TlTe are always hearing of 
hair-breadth escapes ; and in a late newspaper the 
case is mentioned of a child falling out of a car- 
riage unpcrceived, and how can it be otherwise 
when there is hardly room to move without 
coming in contact with a door ? I have seen 
flcveral instances of persons nearly losing their 
lives from the door on wliich they leaned suddenly 
bursting open. Very little ingenuity could remedy 
thig defect; a simple drop bolt inside the car- 
riage in combination with the hitch might suffice. 

Another very dangerous and improper practice 
which exists on several lines, and which creates 
well-grounded alarm to passengers, is, making the 
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guard step from carrla^ to carriage by the side 
fttep9, holding on by the door handles, in order to 
eollect tickets, and often when the train is going 
at great speed. The least sudden jerk, or Ma 
clipping his hold, would occasion loss of life. 
Surely such a practice ought to be condemned, 
for it ifi a& repugnant to common sense &a to 
liumamty. The following accident occurred lately 
from this cause : — 

Mr. Glennfui, tlie station-niastcr of the Hull depot of the 
Hull and Sclby Railwaj', waa dirown from a carriage in the 
station on Friday morning December 5th, 1845, irMe, 
the train vras in motion, find, noiTOwly escaping with lus 
life, Imd Lis left arm broken above the elbow. Ailer seeing 
the 8.55 departure train all riglit, Sir. G. (as was his cus- 
tom) got upon the step of a second-olas3 carriage, and teU 
by the open window of the door, to ride down from the 
platform to the Manor^hoase-street gate of the station, 
within two or three yards of which gate he was in the act 
of stepping down, when the door came open. The speel 
had ftt this moment got up to about 10 miles an hour. It is 
believed that hod Mr. G. let go the door open, as it wa.s he 
would have received no injury, bnt: the lear of a fall in- 
ducing him at the moment to grnsp the Open door, he wa3 
turned a somerset by the Telocity of the train, and fell flat 
on his back, along the outside of the rails, the step of the 
last carriage striking his left arm as he fell, ami fracturing 
the bone. He was immediately carried home upon a litteit 
and amputation of the arm was found necessary. 

I might proceed fartlier, detailing accident* 
arising chiefly fixtm defects which, seemingly. 
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adjuit of BO great diflSculty of rectification; but ae 
the task is ungracious, I shall shortly give a few 
«imple suggestions which occur to mCj and wliich 
may, perhaps^ tend to remedy some of the defecta 
to which I have alluded. 



PBOPOSAIS FOB IK0BEA9E OF SAFETY IX 
BAILWAY TRAVELLING. 

1. I would propose that every locomotive 
engine should have^ in addition to the engineer or 
driver, and the stoker or fireman, a man or boy to 
be kept as a look-out, whose duty should be to 
keep hia eye constantly looking behind to the 
gnardj and ready in a moment to conununicate to 
the engineer any signal made. The attention of 
the latter will thua remain undisturbed to 
Mb look-out ahead and to hia engine duties; 
and he wiU be ready in a moment to slow or 
reverse the engine, or blow off the steam m 
necessity may require. This arrangement will, 
of coarse, refer to railway trains where the guards 
are seated on the outside of the carris^e ; but on 
the Great Western line, where the guard sits 
within the carriage, there must obviously be 
greater neceseity for a watch close to the driver 

E E 4 




f 



424 XMPRO'i'EMENT OF RAILWAY BTSTEM. 

on the engine constantly on the outlook bchinJ. 
But to insure the safety of a train, the gtiard 
should be seated in a position where he couW 
have a commanding Yiew around. 

2. That no trains with paaaengera should proceed 
without two guards, one stationed on the front, 
keeping a look out forward, and the other sta- 
tioned on the rear, keeping a look out hchind. 
Instead of an arrangement of this kind, trains 
commonly proceed on some lines, sometimes witL 
one, Bometimes with tivo, and sometimes without 
a guard at all ; and soraetimes he is in a box where 
he can see nothing. No special or goods train 
ought to run on any line without £i guard and a 
look-out. 

3. That means should he devised to enable, by 
signal or otherwise, a. free and inatant com- 
munication to take place between the twognaids, 
and between the guard and the drirer. Various 
propositions have been made to effect this pur- 
pose ; the idea obviously suggests itself, that a 
check-string or wire, as in a coach, might be used 
attached to the arm of the engineei', by which his 
attention might be instantly arrested, and that a 
similar plan may be adopted between the two 
guards, or a wire may be used to strike a bell at 
the engine. These plans have long since been 
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proposed, by different personSj but have never 
been carried into efiect, as there fire some practical 
inconveniences attending the plan, but ivliicli a 
very little ingenuity would eoon master, Tlie 
^-Subject has recently, from the numeroua collisions 
Hftnd carriages running off the rails, received 
^■oaore attention. The nceeasity has been enforced 
of providing against danger in the rear as well aa 
in the frontj and it has been stated that a guard 
stationed behind the last caiTiage would suffice, 
and who by means of a wire in communication 
with the engine, might strike a bell in the event of 
observing any indication of disarrangement, when 
the engineer would at once stop the train .ind avert 
the impending mischief. 

The Times newspaper took up this subject, and 

P various communications respecting it appeared 
bi its columns. One writer treats the matter 
with indifference and as beneath notice: he speaks 
of the impracticability of working the plan, 
and founds objections to a wire or cord being 
laid along the roofa of carriages from ita getting 
entangled, from the variation in the length of 
the trains when ascending or descending an 
incline; that false alarms might occur, creating 
annoyance ; and other objections more plausible 
than real j but, as the old adage has It, " Where 
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there is a will, there is a way i " expcrimenta 
might easily be tried to ascertain the Biraplegt 
matiQer of accomplishing the object. There U ni> 
want of mechanical ibyention to devise plam; 
there is only wanting opportunity to test them, 
which it is as much the duty as the interest of rail- 
way compardes to afford. One plan is a Tery 
simple one, to have a wixe in a tube on. each 
carriage, attached by swiyels to the wire of 
the next carriagej in a similar mannei' as car- 
riage is attached to carriage of a train. By this 
means wires could be made to communicate without 
inconvenience, over any length of a train from the 
guard to a signal bell at the engine-driver. In a 
Bimilar manner, a flexible tube or BpeakirLgtrum])et 
might be attached to each carriage, and quickly 
joined by screws to any number of carriages, and 
conversation could be carried on between the 
guard and the engine-driver ; as it is well knoivn 
the noise of the engine prevents sound from 
being heardj the attention of parties at each end 
of the tube might be previously called, by blow- 
ing tbi'ough the tubcj and so to strike a bell ; a 
verbal communication could not lead to the mis- 
construction which a signal might do. By such an 
arrangement as this, and having the tube made 
with sufficient elasticity to adapt itself to the 
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gpring of the buffers— a simple and certfunly easy 
mode of communication would at all times exist, 
and it would have the advantage that at night it 

I would be s& useful as in the day. 
Among other contrivances for the purpose of affording 
instant eommunicatioas with tlie engine-driver in caae of 
danger iii one descril>eci as having heen not long since ex- 

tliibited at the BrLitol terminus of the Birniingham linCj by 
the superintendent Mr. J. K. Williams. It is a. machine 
like a large hox, having on its top a large and sonorous betl, 
which 13 struct like the bdl of a dock. Within the box is 

•a piece of clock-work precisely similar to that of an alanuu, 
md Q red lamp for foggy weather or for night. And from 
the box, which is intended to be fixed to the nefirest car- 
riage to the engine, ropes proceed upon the roof of the 
varioua carriages to the guard's box, who, upon perceiving 

I any sign of danger or obstruction of the line, has only to 
pull the cord and the large bell is instantly rung and a red 
liitnp is shown if at night, or a large boflxd, with the word 
*' stop," flies open, ao that the engine-driver's attention is 
attracted both by sight and sound to tha impending danger. 

I The model was highly approved of by several scientific per- 
sons. There ia a risk that this invention may be too com- 
flicated to get into general use. 
4. It Beems next to certioin that the plan of 
cutting off all power of communication between 
people in carriages and those who conduct them, 
cannot be much longer submitted to, as railway 
traTclling becorara extended and rendered more 
perfect. I have given several examples of the 
■ eerious and often fatal consequences attendant 
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on this want of means for pEisscngerg coramuni- 
> eating with thusc ia charge. The subject h 
deserving of the moat serious consideration to 
devke a remedy for it. At the pregent thne.. 
should a person be suddenly taken unwell In a 
railway tnun, he must remain where he is, happen 
what may, until he comes to the regular stopping 
station. As to making himself heard — ^ it is 
madness to attempt it, for it is like speaking to 
the wind. It seems most desirable, therefore, for 
the perfection of railway travelling, that the 
system proposed of communicating between the 
guard and the driver should be extended farther ; 
namely, from the occupants of carriages to the 
guard. Of course, in making this proposition 
one is immediately met with the objections of the 
trouble this would give, the unnecessary annoy- 
ances and alarms created by passengers, and a 
host of others j but such are always ready to be 
made to meet all innovationB that create additional 
trouble or alteration. StiU these objections are 
merely frivolousj because a little unnecessary 
trouble ia created, or at times conceived grounds 
for alarm foolishly communicated, ia the matter 
to be allowed to remain in the imperfect state it 
now is? Every carriage might be easily pro- 
vided with a speaking tube or wire signal to tho 
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'guartl. But what would be tlie use of the signal j^ 
if the guard could not get to the carriage ? and 
certainly passengers would rather put up with the 
present system, bad as it may bej than csausc the 
guard to run the risk of losing his life, by scram- 
bling from carriage to carriage, holding on by the 
liandles of the doors, when the train is proceeding 
with the utmost velocity. 

5. This hringa into view the consideration, 
whether railway carriages could not be con- 
structed with all, if not more, of the conveniencee 
they now possessj and still afford a free passage 

__from end to end of a trtiln for the giinrd. There 
re several waya this miglit be done. The car- 
riages might be constructed in the form of a paral- 
lelogram, both longer and wider than at present, 
divided into two compajtraents, with a free pas- 
sage, as iu a canal paaaage-boat, from end to end 
of them. The carriages of the Great Western 
from their breadth easily admit of the experi- 
mental trial of Buch a construction of carriagea — 
a broad carriage aftbrding more facilitiea for au 
arrangement of this kind. In carriages con- 
structed with an intermediate centre passage or 
vestibule, the two side compartments might be 
divided as cabins, the passengers in each 
^kitting vis-ii-vis, or otherwise ; the entrance to 
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the vestibule being at each etid of the carriages, 
like those carriages on the Belgian railways 
already noticed. 

By means of the arrangement of the centre 
passage I propose, a free communication could 
exist between the passengers and the guard, as, 
on a signal being given, the number of the 
carriage would be intimated and the carriage 
visited ; any false signal made should be punisli- 
'ablcj which would prevent annoyance being given. 
In having thus the safe means of going from one 
end of a train to the other (for a gang-way could 
be formed between the carriages), the check- 
tickets could be at any time collected, thus 
obviating the general present detention of the 
passengers for this purpose: this would be a 
great benefit to passengers at many stations. 

It appears to me that it would be desirable 
to experimentally try an entire alteration and re- 
modelling of railway carriages, at least those for 
second and third class passengers; and until this 
is done probably neither safety nor comfort will 
be obtained: the foreign conBtruction of carriages 
seems desirable and advantageous to be tried. 
No carriagCj in my opinion, can be deemed a safe 
mode of conveyance when so many doora exist as 
in the present railway carriages; and where, even 
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at the most rapid speed, as bas been shown, acci- 
dents occur from persons leaning on them falling 
out : besides, they create constant apprehcnsiona : 
for, slioiilcl the convenience of getting quickly out 
be put in comparison with safety ? Most of the 
doors of the railway carriages arCj as already men' 
tioned, merely fastened with a spring latch, 
which ia liable to derangement. On the Black- 
wall Railway an excellent precaution is adopted, 
of having a drop bolt without the door, which is 
let into a socket. This plan is adopted on the 
Continent. 

I There can be little doubt, as the railway 
'fiyetem becomes almost the only mode of tra- 
velling, and as long journeys must frequently 
lie taken by it, more attention will be paid to the 
cons traction of the carriages, and the comfort of 
all classes of pasaengers, than at present* If the 
numerouB accidents on railways, proving so inju- 
rious to limbs and life, are examined, it will be 
found that the legs of the unfortunate passengers 
most frequently suffer ~ many eases of fracture 
and compound fracture, near the knee, having 
taken place, from the legs being driven or jammed 
upon the opposite seats. Had the passengers been 
sitting in a reverse position, with scats in the 
direction of the length of the carriage, as in £ui 
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omnibus, manj of these iojuries might hare been 
averted ; and it seems most de^rable that this 
plan of cftTrLage should be tested by experience; 
passengers must be fully as comfortable, if not 
more bo, than when sitting with their backs orfacei? 
to the engine. 

The Great Western has been the first railway 
to introduce an improved carriage on the apart- 
ment principle : this kind of carriage lias as yet 
been confined to ' pleasure paitics ; but were 
carriages used in this form to run regularly on 
the line, at a moderate rate of charge, they 
would be preferred. Not only carriages for 
parties, but invalid carriages, carriagee for re- 
freshments, and even smoking carriages, with side 
seats for those who like it, with a box for the 
attendant, should be provided on. all direet or 
trunk lines of communication; and family carriagee 
could be made as separate cabins, as in a ateam- 
boat, with eveiy convenience, for those who chose 
to pay for or engage them. An attendant should 
accompany the train merely to look after the 
comforts of the passengers, so as the guard should 
on no account be obliged to leave his station on 
the outlook — his duty being strictly confined to 
the charge of the train and communicating with 
and directing the driver. 
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6. Ou. those railways wlierej from the narrow 
gauge, there cannot exist the same facilltj of con- 

ructing an intermediate passage through the 
carriages without encroaching too much on themj 
and the accommodation of the passengers, some 
other plan may be adopted to attain this object — 
where the width between the linea of way ia suffi- 
cient, which it always ought to be, a terrace, or 
platform, from 18 to 20 inches braad, railed on 
the outside, may be conatructccl outside the 

rriages, where the present step ia — made 
m such a manner as not to interfere with the 
access to the carriage doors. On the platform the 
attendant or guard could walk, from end to end 
of a train, without danger to hunself : however, 
it must be obvious, that the gauge of the railsj 
and the intermediate space between the lines, 
must regulate many of the particulars, pointing 
lut the prudence of a careful revision of all these 
points by rival railway companies ; for it is only 
by competition that perfection is likely to be at- 
tained ; and the reason why more ingenuity has 
not aayet been. displayed in railway earri ages arises, 
perhaps, from the near- sighted policy of making 
the cheap carriages as uncomfortable aa possible 
to drive passengers into the disagreeably close, 
air-tight, aod expensive first-class carriages. 
J- p 




43-4 IWPBOVEMEXT Of EAILWAT SYSTEM. 



7. For the safe traDsit of locomotive earmges, 
it seetua desirable that every railway should 
possess an electric telegraph, by which the start- 
ing of every train may be announced from end to 
end of the line : this telegraph, having the tteans 
of communicating with Intermediate stations, might 
he farther extended, when the diBtance betweeii 
stations was great, so that in the event of auy 
accident happening to the enginej the power of 
communicating notice of it might be made in 
both directionB. If such a plan, was in existence, 
how many fatal accidents might liave been 
averted ! 

8. A uniform code of eignals should be used on all 
nulwaya in thia country. In cases of fi;^ such sig- 
nals should be provided so as to prevent the poasi- 
bUi ty of mistakes. Each station fihould have properly 
understood self-acting alarums, operated on as the 
engine reaches the stations, and having the means 
of setting them as required. In addition to the 
common steam- wliistle, which signal is apt to be 
misunderstood, a gong, or powerful belJ, might 
be advantageous for engines in the case of fogs, 
darkness, or extreme danger. The plan has been 
adopted with the engines on the Great Western 
Railway, ofhaving two steam-whistles of different 
sounds : one of these is used as the general aLarum. 
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or d^al, the otber for tbe guard. This plan might 
be carried much farther^, with great advantage, by 
the up-trains haviiig one sound of whistle and the 
down-trains another : it would form an excellent 
fog and night signal. At the present time, on 
most railways the shrill sound of the steam- 
whlatle is used chiefly to warn the people working 
on the lines and the station-keepers of the ap- 
proach of the trains ; and aa the sound in calm 
weather is heard at sevei-al milea distance, the 
alarm is very useful; but as the sounds of the 
teara-whjstlea are so alikej the signal is of little 
tise in telling which way the train is going ; this 
ie judged of merely from the general effect of the 
noise the engine makes, which must be admitted 
to be very open to misconsti'nction, and at stations 
where many lines meet the noise creates much 
confusion. A series of signals arranged with steam- 
whistles of different sounds, or by the combining 
of the sounds of two or three, the meaning being 

I known at stations, from the distance it would be 
Iieard at, might form useful alarni-slgnals by day 
or night. 
9. From the accidents which have been noticed, 
especially the one at the Camden Town stationj 
It seems desirable that experiments were tried of 
the best mode of signal-lights for foggy weather, 
r r 2 
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Among many inventiona proposed for thie 
purpose are 

Gisciird'& Improved Railway Signal Lamps, Since 
tlie proprietor made his in-veiition puTjUe, he has much im- 
proved the practical details. The Ibllowing arc its peculiar 
advantages : — The earae apparatus serves for both night 
and day. Up-tratns and down-traina are ulikc informed by 
his system of signals, of all of which they ought to be in- 
formed ; of accidents on either line ; how long since the last 
train passed that signal post ; whether any train is to stop, 
slacken its speed, reverse its direction, or go on to a siding. 
In the case of crossings, a signal can be given that two 
trains are approaching, and signify which must stop, and 
which must go on. In fact, a whole coile of instructions 
can be perfectly signalled. Ko supernumerary eignals are 
in any case required. Another great advantage of this lamp 
is, that its colours and arrangement being in perfect con- 
gruity with the signals already in use, the sigual-mcn wiU 
immediately comprehend the new system. The invention 
will be submi^tted to the consideration of the proper govern- 
ment ofllcials. By night and in foggy weather, these 
1 signals are sufficiently brilliant to be seen for a consider- 
able distance, and their coat is \ery trifling. 

Forsyth's patent railway signals likewise appear 
to be a simple and useful ini'ention Ho suggests 
that each engine shuuld earry a different dia- 
gram of lights ; and by a signal-post with lamps 
arrangedj a corresjionding signal eould be made to 
that of the engine by cloeing one or more of the 
lamps. Thus an engine-driverj knowiag the dia- 
gram of the light he carries, and seeing a corre- 






IMPROVEMENT OF RjULWAT STSTEM. 437 

spending signal at a station, would know that it 
wa,B intended for his guidancCj while the persons 
at the station would be apprised of the train which 
was approaching. 

' 10, On the Belgian railways each train carries 
mth it two guards, who are provided with bugles. 
n starting, when the first bell has rungj the 
passengers take their seats; and, at the second 
bell, the guard at one end aounda hia bugle, 
which is answered by the other. This lets the 
passengers kaow that all is right, and the train 
proceeda. This plan inapires a degree of con- 
fidence that the adcnt system cannot, while those 
bugles, in caae of emergency, become a useful 
ahirm signal- 

', 11. It has been suggested by some writers that 
-were the engine-driver placed in front of the 
engine inatead of behind it, it would induce, on 
his part, more circumspection and caution to 
guard against accidents ; but this is a mere as- 
sumption ; for surely the engine-driver is already 
too much exposed to attend properly to hia duty. 
It would be a simple matter to afford him shelter 
without interfering with his responsibility , and 
if it is expected that a higher class of engineers 
are to enter upon this Bcrvice, so important for 
public safety, it can only be by increasing their 
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own safety and conofort, and giving them every en- 
couragement conBiatent with the proper dischai^e 
of duty. 

12. As the railway gauge ia now under the 
conaideration of Governmeot, the result must soon 
be known to the public. The commisaioners have 
reported in favour of the advantages to be derived 
from a standard gauge over the kingdom ; and 
tiiat that should be the narrow one : although now 
attended withdifficultytocaiTy out auiiifonn gauge, 
it obvioufily presents many advantages in railway 
traflSc. This plan I have long cntcrtauied, but it 
ig a, question of moat serious importoncej when 
attempting now to carry out thia plan, if^ in re- 
stricting railroada to the narrow gauge, it will not 
militate ftgainst future railway improvementa 

I would also propose to extend the arrange- 
ment of uniformity still further, and that there 
shall be a fixed standard nde, over the whole 
kingdom, for the weight of rails where locomo- 
tive engines are run; that no engine, tender, 
or luggage van, or passenger carriage, shall 
have fewer than aix wheels, if to be run at quick 
speed (on many rail ways the engine, as well as 
carriages are atill used with four wheels) ; that 
defined limits be fixed both as to curves and 
gradients, as also for the height and length of 
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tunnelsj elevation, and width of britlgeSj spaces 
between the lines of i-aila, and between the raUs 
and embankments (the fixing of these points 
would tend to increase public confidence in rail- 
way transit); tJiat it be made a general regu- 
lation that every railway station be provided with 
a bridge or a culvert, that passengers, in passing 
from the station-bouee to the other side of the line, 
may not require to walk across the line of raUs ; 
that the maximum speed of trains, on each particular 
line, be fixed by the Kailway Board in accordance 
with the gradients, curves, tunnels, and viaducts 
existing on the line. The adoption of fixed rules 
for these points would tend to prevent accidents ; 
it would also be advantageous for the public 
safety were a reasonable time allowed at stations 
when taking up and putting down passengers, in- 
stead of the present prevalent system of hurry and 
confusion. 

1 3, That some simple plan be devised by which 
the guard could instantly disengage the carriages 
or luggage-van from the engine, and the carriages 
from each other : the utility of this in case of 
accidents must be obvious. I would also recom- 
mend that the links of the draw-bars or connect- 
ing hooks between the carriages be made in such 
a manner that they would only bear a certain 
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strain, laterally without breaking, oi" that the car- 
riage, bj^ some contrivance, when canted over, be 
separated from the others, withont dragging them 
with it. 

14. That, to guard against accidents froni fire, 
experiments be tried, to ascertaiji if it be not 
poBsible to keep np sufficient draught in the 
engine chinmey^ and yet get entirely rid of Bpai'ka 
from it. Till thia ia got the better of, there will 
sdways exist considerable danger, both to the 
trains and to the ignition of any thing of a com- 
bustible nature on the eides of the railway. One 
plan might be tried to prevent the escape of red- 
hot cindera from the chimney, ■ — namely, the 
whole chimney to be enclosed in a copper wire 
screen, elevated suflScicntly above the top to allow 
the free escape of the smoke ; any sparka or ten- 
ders woiJd thus be retained within the screen 
and conducted to the ground. In a similar way, 
dust or ashes from the furnace might be retained 
from being blown about, and conveyed by a spout 
to the ground. 

lo. That no railway company be pennitted to 
make contracts with the engine-driver to run the 
engine by contract, — the evil effect of which I 
have fully pointed out. (See Boilers,) 

16. That, at every railway station, a book be 
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kcptj into which complaints hj the passengers 
may be entered. Thia would be a proper check 
on the servants of the railway company ; and the. 
manager could investigate the matter without 
detaining the passengers. It ia not probable that 
any complaint would be made unless tlurc was 
eufficient cauac. 
^ 17. That railway inspectors he appointed by 
™ Government, for reasons previously given, for 
every large town in the United Kingdom where 
railway termini are centci-cd ; and that, as at 
presentj a most careful survey be made of the 
whole line before it is opened for railway traffic. 
That tliese inspectors should have ample powers 
given them to inquire into the mode of manage- 
mcnt and keeping in repdr of the railroad, the 
engine, and can-iages, — to inquire into com- 
plaints as to time, causes of accideute, and every 
point connected with the public Bafety. Reports 
may be made, from time to time, to the railway 
board. 

18. That on all main trunk lines, and on rail- 
ways between large towns, where the goods traffic 
is of much extent, it would prove most advanta- 
geous for the public safety that a third line of rails 
be laid down, to which the gooda traffic might be 
entii^y confined, keeping the passenger carriageg 

Q G 
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there is a will, there ia a way ; " experiments 
might easily be tried to aHCcrtain the simplest 
niEumer of accomplishing the object. There h no 
want of mechanical invention to devise plans; 
there is only wanting opportunity to teat them, 
which it is as much the duty as the interest of rail- 
way companies to afford. One plan is a very 
simple one, to have a wire in a tube on each 
carriaggj attached hy swivels to the wire of 
the next carriage, in a similar manner as car- 
riage is attached to carriage of a train. By tliis 
means wires could be made to communicate without 
inconvenience, over any length of a train from the 
guard to a signal beU at the engine-driver. In a 
Bimiiar manner, a flexible tube or speaking trumpet 
might be attached to each carriage, and quietly 
joined by screws to any number of carriages, and 
conversation could be carried on between the 
guard and the engine-driver ; as it is well known 
the noise of the engine prevents sound from 
being heard, the attention of parties at each end 
of the tube might be previously called, by blow- 
ing through the tube, and bo to strike a bell ; a 
verbal cororaunication could not lead to the mis- 
construction which a signal might do. By such an 
arrangement as this, and having the tube made 
with sufficient elasticity to adapt itself to the 
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ig of tJic buffers — a simple and certainly easy 
e of communication would at all times exist, 
and it would have the advantage that at night it 
I would be aa useful as in the day. 

Among other contrivances for the purpose of aflbrding 
staat commuTiicationa with the engine-driver in case of 
fdnnger is one deseribed as having been not long since ex- 
Ibibited at the Bristol terminus of the Birmiugham line, by 
Itbe suptirintendent Mr. J. K. Williams. It is a machine 
llike a large bos, having on its top a large and sonorous bell, 
rhich ia struck like the bell of a clock. Within the box xa 
I piece of cIot:k-work preDiselj similar to that of an alarum, 
'and a red lamp for foggy weather or for night. And from 
the box, which is intended to be fixed to the nearest car- 
riage to the engine, ropes proceed upOJi the roof of the 
viu-ioufl carriages to the guard's box, who, upon perceiving 
any sign of danger or obstruction of the litie, has only to 
puU the cord and the large beli ia inetantly rung and a red 
lamp is shown if at night, or a large board, with the word 
" atop," flies open, so that the engine-driver's attention is 
attracted both by sight and sound to the impending danger. 
The model was highly approved of by several scientific per* 
SODS. There is a risk that this indention may be too com- 
plicated to get into general use. 

4. It seems next to certain that the plan of 
cutting off all power of communication between 
people in carriages and those who conduct them, 
Boannot he much longer submitted to, as railway 
^travelling becomes extended and rendered more 
perfect. I have given aeTcral examples of the 
Berious and often fatal consequenoea attendant 
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on this want of means for passengers commmii- 
ciiting witb those ia charge. The subject is 
deserving of the most serious coneideration to 
devise a remedy for it. At the present tbne, 
should a person be suddenly taken umvell in a 
railway train, he muat remain where he is, happen 
what may, until he comes to the regular stopping 
station. As to making himself heard — it is 
madness to attempt it, for it is like speaking to 
the wind. It seems most desirable, therefore, for 
the perfection of railway travelling, that the 
system proposed of commimicating between the 
guard and the driver ahould be extended farther ; 
namely, from the occupants of carriages to ihe 
guard. Of course, in making tliis proposition 
one is immediately met with the objections of the 
trouble this would give, the unnecessary annoy- 
ances and alarms created by pasacngers, and si 
hoet of others ; but such arc always ready to bel 
made to meet all innovations that create additional I 
trouble or alteration. Still these objections arej 
merely frivolous; because a Little unnecessary 
trouble is created, or at times conceived grounds 
for alarm foolishly communicated, ia the matter 
to be allowed to remain in the imperfect state it 
now is? Every carriage might be easily pro- 
vided with a speaking tube or wire signal to the 
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uai'd. But what would be tlic use of the signalj 
the guard could not get to the carriage ? and 
certainly passengers would rather put up with the 
present systemj bad as it may be, than cause the 
guard to run the risk of losing hia life, by scram- 
bling from carnage to carriage, holding on by the 
handles of the doors, when the train is proceeding 
with the utmoat velocity. 

5. This brings into view the consideration, 
whether railway carriages could not be con- 
Btructed with all, if not more, of the convenienceti 
they now posaeBSj and still afford a free passage 
from end to end of a train for the guard. There 
are several ways this might be done. The ear- 
riagea might be constructed in the form of a paral- 
lelogram, both longer and wider than at present, 
divided into two compartments, with a free pas- 
Bage, as in a canal passage-boat, from end to end 

f them. The carriages of the Great Western 
from their breadth easily admit of the experi- 
mental trial of such a construction of carriages — 
a broad carriage affording more facilities for an 
arrangement of this kind. In carriages con- 
structed with an intermediate centre passage or 
vestibule, the two side compartments might be 
divided as cabins, the passengers in each 
t«itting vis-a-vis, or otherwise ; the entrance to 
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tlie vestibule being at each end of the carriages, 
like thoae carriages on the Belgian railways 
idf^eftdj noticed. 

By means of the arrangement of the centre 
pMsagc I pToposBj a free communication could 
exist between the paBscngers and the guards as, 
on a signal being given, the number of the 
canine would be intimated and the carriage 
visited: any false signal made should be punish- 
able, which would prevent annoyance being given. 
In having thus the safe means of going from one 
end of a train to the other (for a gang-way could 
be formed between the carriages), the check- 
tickets could be at any time collected, thua 
obviating the general present detention of the 
passengers for this purpose: this would be a 
great benefit to passengers at many stations. 

It appears to me that it would be desirable 
to experimentally try an entire alteration and re- 
modelling of railway carriages, at least those for 
second and third class passengers; and until this 
is done probably neither safety nor comfort will 
be obtained: the foreign construction of carriages 
seems desirable and advantageous to be tried. 
No carriage, in my opinion, can be deemed a safe 
mode of conveyance when eo many doors exist as 
in the present ra.iWay carriages ; and where, even 
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at the most rapid speed, as. has been shown, acci- 
dents occur from persons leaning on them falling 
out : besidee, they create constant appreliensiona ; 
for, should the convenience of getting quickly out 
be put in compariaon with safety ? Most of the 
doors of the railway carriages are, as already men- 
tionedj merely fastened with a epring latch, 
which is liable to derangement. On the Black- 
wall Railway an excellent precaution la adopted, 
of having a drop bolt without the door, which is 
t into a socket. This plan is adopted on the 
Continent, 

There can be little doubt, as the railway 
system becomes almost the only mode of tra- 
velling, and aa long Journeys must frequently 
be taken by it, more attention will be paid to the 
construction of the carriages, and the comfort of 
all classes of passengers, than at present. If the 
numerous accidents on railways, proving so inju- 
rious to limbs and life, are exarainedj it will be 
found that the legs of the ixnfortunate passengers 
most frequently suffer — many eases of fracture 
and compound fracture, near the knee, having 
taken place, from the legs being driven or jammed 
upon the opposite seats. Had the passengers been 
Bitting in a reverse position, with seats in the 
direction of the length of the carriage, as in an 
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T^k-nwt Otv \Vie Foot of the Horse - 



NEW WORKS AND NEVY EDITIONS. 



t 



ABEIlCnO:^Tl5lE.— ABERCROWa(E*S Pf^ACTlCAL GARDENER, AND 
IMT'liOVEl* aVuTHM UK Mtn*KHN lUmTlOl^'LTOUK, iili-UlirtkHHy pirr-ng^d- *th 
VAition^ i«r|ih mi \ntnnl\iciuFf ^IVrHtiiic fin Vc^ctnlile Phy*Ji)iU>|fy, &itJ I'Iali^* 1iv VV. ^lAJlB-biiry. 

ABERCRUMBIE .VS'D MAIN.— THE PRACTICAL GARDENER'S COM- 
PANION: Or, Hntlkiitlyrdl Cdk-iiftiiri to wlaich N wnitieri, tho ii»f!lrti-Si-#'il unti I'laul 

ACTOV (Mrs.S), -MODERN COOKERY, 

!ti hllhv Hmrtrhpii, rcluiril tr •-■^vitciii of Kiiay Pmcllcf * Forthr ilk? rtf PTNaJi* rnmlll*-*. 

In m Hifrle* iol f'rttelti'tia liL-cclpin, hIL [►f whkh finvp beerk iitrictll*- ICH«fcl+ wo-d urc gStnii wltk 

ActO'D, TtJe-w £illiJDiUf )ui[i-iTiirt!J. Fo^lfi'i^i Utu. vhtb W-ond^iulBi^ 7*-^^' t'toili, 

ADAIR fPlU nOBEIIT}— AN HISTORICAL MEMOIR OF A MfSSrON 

rn THKCOE-HTOF VIES-N,-\ IN IPtw. Bvthi; IHghtlloharnbkSkPi'ti.nrl A.|j.lr,«.i R.ll. 
With »Hfli!t!tJuN fruni liJi Ll^xpntcLicB, pablliihcrf Htj- iicrmijihinn of tUm iJttMst'ir .\ u t Luri tic * , 
A?n. ]i^r. riolh. 

ADATR .'Sm ROBERT)— THE NEGOTIATIONS FOR THE PEACE OF 

Rig-Ill HantmblQ Sir nabei-t Adnlf^ tl V..^. Rviag it Stf^ae] tn Ibt :^TijiD[jlr.iir Jiti I^li'salun 

ADDESON.— THE KNIGHTS TEMPLARS. 

lllDHtminni, 1!1«. clotb. 

ADDISON.— THE TEMPLE CHURCH IN LONDON: 

Jti Hljuorr*!"*! AHtlnoltli"!, ti,v E\<i. iddLiDB, Ew^., of tK'' Inner Trhntile^ niilboroF *''TkJC 
H \mmM7 oithc Knights Templari .^'^ HqiLire Mom u Syo. with 6 Tlntf^v , Oi- eI nib . 
AllHn, 

crowD H^o. ]«. kcvfrd. 

ADS^UEADlJOSKPEIl— PRISONS AND PRISONERS. 

Ut J<ai-i!]j]b AdsbcRil. Hvu. w^tb ILLuatr&liniTiiiij i''^ '^' l'^uLIi- 

1. TlbJ! F'jkllnrli'aDf Tfta Tlmrson Pna-nn Pis^lptip*'. 

9. rrimn EnonnliV'a-^f^ity fhf L,H>a{lAr< flJiJ MldtlJMCi I^riniuln 

5. Cnittlncnt*! i^rlioii IVcroriii, cLc.ctc etC4. 

AIKIN.-THE LIFE OF JOSEPH ADDISON. 

Uli]|LrnLr4J hj- mimynf hi* t^pit^r* mi.l PriTni* Paper* iiMCF liefnrft .finbUflhrLl- TI.t l-isfy 

AJhipji. ?*oL*, piBLfttrtr^r^A Pi>r«rt.lt frrjifl. SiifGoiHrfrJ' Kiwllifr'a Pli-^Wfr, l^' elotli. 

ALLAN fJ IL^— A PICTORIAL TOUR IN THE MEDITERRANEAN : 

roui-prltlncr U&ltA, t'lLmnitH-j Turkey, A^in Mlmor^ (Tr^^rlan, Archilpnln^, ^'^yr'i' N'lLhlt, 
GTffi-p^ nrviXy^ UF%]y, aiid ^pnlit. u) J. H. AltEn, ri>TiMnli«r vf the AtkiL'uenn Archit*f:»luc^[:ni 

UJJIho^nitlie^l li^niiriiii;!, hdiI 7i) l^ond H^nfrmTing'Ai ^/^ 3j. clothe 

AMY HERBERT. 

Bt n I.wi>. Edited lif iLe RcT, Willlim SofU, D.D. uf EiclFr CVII«;e, Oirurd. !U 
kijil1(}4i. 2 mil. fcMjlFCHp ^fo. St. cloth. 

BAILEY.-CSSAYS ON THE PURSUIT OF TRUTH, 

And an thw Piofpei'^ af K.nowledg:'^ Qf Sntnucl Bulltir, Aiirbor of "EijHjt^^n the F'urmitlE^lt 
and PafalicHlf4Ti af Up&ulaibJ,'^ '* DeTVL'Icr'i Tbci^rfuf Viiiun,^' etc. ^Jd KillttQiir r«irbitfd 
mild cihliirifvd. Sro. 9m- fi-d. vioth. 

BAKKWHLL.— AN tNTRODUCTtON TO CEOLOCY. 

ItitcnJcd to cnrvvcy PrnclEcRl Kn[>wLciJ|j|'i.' ct the S^cJcucitf ADd comprlilnif ttiE mnit Imp-oirtHiit 
fCi:Dnt ltHe;ovpri4M j whih l^i|ilmintinnif uf the tmctj Kiirt I'li^iifiincitpiwlilcti Merratn C4.^]afirni iK 
idriiidnle TmriouM Ij'tnltjj^lkiil Tbi-Drlitii- Dt ft4-<borl Stikewtll. ¥iH)t tUUtiait^ EorynMvnMy 
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NEW WtlflhS ANU MEW EDITIONS 
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BALMAIN.- LESSONS ON CHEMI4TRV, 

IToribe Ut« Q^r Pu-plki ti] Si.-Hj*^Lap JunSuc SmoeiH* I" UnlTcrSttlei^ Bud Readeri irbDimb to 
lE«ro l^i funduihfnT^i rHncLplc* ami Undjng- F&cli : irtth Macitiont for fiiununnttcni, 
tilMi*rI«a of Cl*ciiil*rilT*na« ud Cbtatt:*l5ir™tiola, untl ku tnOrx. »^ Itlllimiu H. B*1ertio. 
Wlt-b aufficroui Woudiiutj, ilEiuLriit,i«'t <tr th« Ueccaqp-nsihuna, Fudlftc-np t^u. Cj^clotd. 

BAVLDON.-THE ART OF VALUING RENTS AND TILLAGES, 

AB-d Ih* Tcnuiri Ktdht of Entrddy and iitvluXa^ ¥u.TiiiM^txpit^ued bjf **irrm| >>ectfflcnt of 
V^utEoni] ui4 KvniafVi on the CalLiTmiJrj^it punard on Soils id Jlfft^rciit ^ituiLtteai-, 
Adiptr^ 14 -tfefr Vat lit ].&nrilnrdi, LLiHl^A|ffeul»p Apprali«Ti, Fkrmcn^ uid TcdbdU. B^ 
j. Ki. &i>'ldon. Ctb &llLlfrJi, iCurTEClHil tn4 jtirittA by Jolia UoiiBldioD, Profc-sKor ol Apricql- 
lurc la Ibc AEiicultuTkl Tc«ii3ini[ ScbcwI. Hf^ddcidoik i Kdllor of ** T^ Pioiugta^ «lt. Bro. 

BE.\LE ^ANNEl— THE VALE OF THE TOWEVj 

Or» Skel<i;^ci Iq Soulli Wftkft. &7 AtiO<: :&e*le, Po4t Sto. 111»h ftrf. t^lolh, 
'< ri« grtat imttitof Min BgAlt'tlteffi trio trutkt taMrh l<^av** d Urtfn^ im^rfwtfon av tht 
rtattr't **liirf."'— ^p«eUin^. 

■• T^U fttgaitt end accem^HtikeirrttFr ffffttfiiltr remind* Hi vg^remtitf of MiM AJU/^rt:' 

AUu. 

BKDFORD C0RRK8?0NX)ENCE. — CORRESPONDENCE Of JOHN, 

rOUHTM DUliE Ol' BEl^FUnO, *cl*^E:t<id fraiii tin- ^Msjinfth Pil VV«3b*i^ AhK^r; *ltJi 
lairaduclloQibr Lard Joke EtuiBctl. St:*. f(sl, 1 {ir-12-kll, liV. ijlrtiii ; ^oL .1 fljiy-an , lif . t;]. 
*•* t'at. f 11. tff Citoup lets I kr ubrkt ii ttesrtp rf^4y. 

BELL.— LIVES OF THE MOST EMINENT ENGLISH POETS. 

By WifWri Qfillp E^i. 3 vcli. rwL*cTi|t ^i:ci. vWh Vi^utllc Tltlfv, {'2*, cloth. 

BELL-THE HISTORY OF RUSSIA, 

Kfdin thi Evllli'ii.lPcnmt tn ttie 'frealy of TUbU. Qif Hubert QcU, Riq. Sfola. faoI&npSTOi 
wilh Vl(tt«tt« Title!, Iftj. clotb 

BLACK— A PRACTICAL TREATISE ON BREWING, 

BBift«d on Chcmlirsl nnd KL'noDuiiL'ftI PriutEplEs: w^^U FL^rqiuiir Inr Public D-reiretii^ wilA 
InitrucOoda for PrWKlt FRmilics. tij VTiiiiriia QlacliL Tlilri^ EdlTWa, rcvtcvd mnii evt^ 
reeled, m\th too%MieT%\>l^ AiJattkon*. The z^ddiMan* r«^rUcd b; PtofeiSor Graluitip of tbe 
LaiidDo UniTenitf. Std. Uki. Dd. clotli. 

Ut tli£ WKDH Aiitbc<ri 
RSMAHKS^oa B.WAfLl VN QEEFl, lioaHlDit Vnrtaw, tbn InJliacnci! of ElecLrEi,Ur OQ ._. 
linn, KDd Dthirr SnbJcrLft. by W^illiJiin IJlttclL. 'B-eiug n i^applcmcnt Id the 3d EfllUoD 

BLAINE—AN ENCYCLOPytDIA OF RURAL SPORTS; 

Of, 01 ran|ileLB Aeronntf IflitarEceJ^Practlcfeljand Lie bi^rJEitlve^nr H Lint] ii^, Show tin^, Flsbinfr 
Rnctiif, and nlbdr ilclil Sp«irta and Athletic AtdiiLBi>'aieiit& of the preieiit d'^- Bj OelBbfiM I 
F BlflT^e, Eir^, iiuthor Af "Oi^tHhraOf the Vclertauy Arl,'-' "Casiae P^biilo^i'' tlK,ciu \ 

■oeri, Dlck^a, ttc. Svo, Idf. \n»- clalb. 

BLAlR'a CHRONOLOGICAL AND HISTORICAL TABLES^ 

rrom lilt L?rr'4Ltui]Brhth.r pmf nl Time ! wilh Additinrs uid Cam etlHn a 'ruiTi tlir B. 

tic VVritrn t hL4:lD4]liig ib« CrtmpmBTtmi Of St. PhhJ, Lft ctinnrctlii^ th¥ IVr1c3 frO«l- 
F^iiiLlE lu rhi JVniplr. Uhdfr tlie r«i-t"ii OtSIr Hpnrr F.ltip, K.H., IVkiclfi J LUimrUiTi 
|L<^ Briti&li Mufl^unn. Imp4:rikl 3rc. 31f.^<^.>«ir-hi]Hit»l' Taiirocm, 

BLOOMPIELD.— THE HISTORY OF THE PELOPONNESIAN WAR. 

Br IhBBtill.isi. NoirlT TnuiilnlM liitu Enillib, ind ■rcDinpiiiWd wh'i T»rT cdljie'u 
JJuiei, PbllnlmlFUl nnil KiplpiinLlon, HIatgrlcal Bull Ocin|riipb]riU. Br Ibf Brr. S. T. 
BlDDMfieU, D.p. F.S.A. 3 Toll. flvD. vrM M>pii nod Pklm, 31. t<. tiavrti, 

BLOOMFIELD.-THE HISTORY OF THE PELOPONNESIAN WAR. 

Sj- TTiDcvdJclei. A New 1l«i"euEliin ii.f iHi^Tcit* ifith B rarrEuSlv amcilllijj] FuHlrtuntioja; M<i 
i:cplDU]Nvcc», rrititfltj Plii!43lo(ritBl» *titl EjspSiinfttijry, uLiiiMibt cnriTL'tv-urJfiiLnJ, tut pirtfT 
jj?l^k;E^d p^^^i ptr^tiif*'! fTem the tjCHt l^itpgiiUfiri i fcccDmpBitlcd witli full Jfidiiic*, biills "( 
Crti«k Wurdi «lhtl PlajTAiet evpldldEd. and nintteri itltcila«C4J in the N[ilrB. Illuscr«t4>d b? 
Mapi •ndPluti, autay tahm flotaictualSurfei, Bit (kg Bel. S.T, BlniiinBrlil, U.t>. r.3jl. 
?inli.!iia.aar. cictli. 

BLOOMFIELD.-THE CREEK TESTAMENT; 

IVitli capluiu Rniillfh Natci, Crltl>:ilj PhSUIuglrtl, tnH KtpluilvtlltT. Bj lliB BrT. S.T 
8lr™<ti«cld, D.D. F,S,4. Wlittdit-impiiiTcd. 3 .(.1». 8to. wild . Miip n/ P»lE«llnt, «i,tlnlji. 

BLOOMFIEr.D. — THE CREEK TESTAMENT FOR COLLEGES ANO 
SCHOdLS! witli KnoliiJi Not«i, BTlhc mc». S.T. BloimiBrW, II U. PourOl li*tl«i, 
■•[iliiiXEd uiit iDipnxi.'?, sctoiupiUiirJ *illi • Men Map ol Svriii und PaleKlur, adapted in 
■ he New Teiltumnl iBd Jojrpljoi, tnil 111 liidel d( eieik W'ordi and Phrnai-a einUtued il 
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PrilJiTED I'USL MESSrtS, LONCKfAN, AUB CO- 
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RLOOMFr BLD*— GRE£K AND ENGLISH LEXICON TO THE NEW 

TRsn'AMb^NT^ eiiaerUlir vl&ptc-ei to tte Ate vS Cv\llii^cs, miJ tbo Ht^bcT CLbjicbIu PmlaLiE: 
f^cUtivIa ; but ■.Ian 3itt:i'itie«cl M j. i:cinveLibept Msinu-al for Dllklicnl IriLaJeaEft iu BBaawEJ. Bj 
D-tr fliaoKigctd^ ^Kd Kdadciin, enlnrised, mud ilnprDTEd. ISmo. oniridn pipCr, lUr.Stf.dHl^th. 

BOY'S OWN BOOK (THE]: 

A Cninplptr lilurTtlupRtliiK^f nil [hc^ DiTTniOnt, Ach^Btlc, SrlicnTiEc, and Acrrpitirc, uf Rcxy- 
bc^duid Va-utb, i^lli J^dlLiiin, Stuaro l2inD., vitb maDV |C[].y|-n!viu^ft[iiii VVoud^ Gi- bci^rdft, 

BKANDE.— A DICTIONARY OF SCIENCE, LITERATURE, AND ARTj 

Con\.pwi*in^: the HUlcir^, P«»[:Hpli>^D:T Kikd Silrntitc l^rbnr'IpLes at ETPrj Brngefk of Haiaaii 
Kaviflv^He i w'nh tlio DeifJifaHati *jni DcAnliiMn M* »t] the TrrniH in praEril lue. Edited bj 
fP.T. BrmiLlf .K.ftLiir.L.And K.; u&JuLcd lit J.Cuiatln. T>e i-i&in[ii)ldt|pBT4-a]G&.tBb]rGGDLlcniEik 

(BRAV MRS.)— MRS, BRAY'S NOVELS AND ROMANCES, 

ft?Hl«il! a-Ud cuiTcoled bf Mrs. Sikj. In )L>vuLif, fi-np Sru ^ iiiiifu-rmlr wllb tbr ^t BtRndud 
SLiitbifJ, R.A.i C. A. SloTbnri), F.&,A. $ Utmry VYkTr^Jt, Esq.^ 4U. il. Uulb ] Oft lb< Wurbl 



Vol. I^ " Thf TFkttf /fa^rfj." Hil& ]ir[rrlr<ff 
iff tAr Author, m uleiB bJ Aer r^ii^fnf^t 
and Gnrral Fn^fatf tit tl»g Sffifa } — 
Vol. Ih **Dff f*Tx;"-Vnl- ILL '*Tkw 



Vol, Vllf. "* Triaff irf tke «*tfr^i^"- 
Vcl. IX. " Hear^^e Patuetbjf {"—YvLX^, 



BRAY.-THE PHlfLOSOPHV OF NECESSITY; 

Ot, ibe Lin nf CQiis:£!tiui<[Lci:s.fiii itiplkiLt^li; to Mtfiitalj MoTiJ, ud SocU^ Science > fifCfairlrE 

hvWJ, 3TCtJl. :jTD. \hi. clu-Lli. 

BREWSTER.— A TREATISE ON OPTICS* 

By ^\t DntldBrcwjitcrp LL.U. I- .H.8. etc. New KdiLlan. 
jui-d 179 VVoO'iicuLi, Cs, K\ti\'\i, 



FaolicapBTOH with rlg-aelttf Uitlej 
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BUDGE {J )-THE PRACTICAL WINER'S CUIDE: 

C^nprlBiDV ■ tict qf Trl^i'iiivrnrlriivnil Tattlc-i ndpi>lv(l Ev- ^11 tlt$ pnrpq-B'ta nf Ubltqae or 
DUifDiinL VcteLi'aI, HDrlzHM^iSi Aitd TritTCTftia DUIllltg i *k\xU ILbclr rnp^llc^ikkh to ibc l3i*l. 
EirrcSic of Dr^ftaii Li>dc», Sllillifi!-, Lc^clliitliH;^ Juac'Ceitilbili!! [>iitaiicEiK H^tifliUt etc^h Hj' 
J, Budifs. Nevr £dltj Dik , cudildenblf enlar[;Dd^ ^vo. vrEth Purtnilt oT Ihc AuiIiOt, ISf.ctolh. 

EULL.^THE MATERNAL MANAGEMENT OF CHILDREN, 

MLiJi^fcB^' InNLllutici-n, cLi:. S'd Ediittitiit F^vibf^d bud s^oUr^cd. Jfaolicup ftro. 7', clDth, 

BULL -HINTS TO MOTHERS, 

Kor (lie M»iiJinriiiir3nt itf Hfaltb ilmrinif Ihe F«rfod of TregiiDiiiCTaQd En Hie I.jlng-ln Hoikh p 
■ritik n-n K^^fjAUj^f uf l-^ctp-LilAr KrTor^ Id. fuqiofxiuu «ltb 1110119 j^iibJeeLli. BjrTl3Dna,|.iBiiJI,M41 + 
Pbrilclflf) j^ccfkucbicur- In tbc {■Inabtiry MLdwbfery [na(9tLjUi>ni t\.c, -ItbLfidkiuTii tdviit-^d atid, 
copaldieTi-blir eularn^cd^ FcdIicap Sroi Ji. c-lcrtb. 

BI'NSEN— AN INQUIRY INTO THE HISTORY. ARTS AND SCIENCES, 
LA>rOUAGK, WKlTiNl^, MYl'IIOr*Ut^V. »ii>d CUBONOlJfXiV t,i ANCIRNT ECfYIT. 
nith itti; nc^ullnr PtifiELon ri-f ttiht NBtJaii Lii ifL'Ttir^iisfc tiJ It1i«- Uulvcmal Hli^tarY tif Aliinkii»d* 
B^ t^^ Ch>nraLli!r {?, C. J. DuaHCJi. Trti ihnlnted itam lite Germiii]^ iiuder tlae Author's iupf-r- 
liitcddencc, hy C. H. Cattrell^Eiiq^. ■„ with. RdditSonnJ, matlrrj ruriiSitLcd bjr tbe Aiitbrtr. :2Tuii> 
Sfo. with nomcraaj FlblcH. ^iii Iht frett^ 



BURNS,— THE PRINCIPLES OF CHRISTIAN PHILOSOPHY: 

fToMlillgt^tiii^lhT IkiiLrijKK, MmlrHi Ai1nLoi|][Jri-tiftj %b4 CfJUSi^JlUloEli of t,hc ClinHlii 



Bf John fiurnii, Al.p. I-MI.S. ^tb RJItE«n. ISutn, Jf.bo&rdii. 



linn ndlifiunr 
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BURN8.—CHRISTIAN FRAGMENTS; 

Qti HejuArkB an the Nulurcp Fre^cnptii, nod CdrnfOTtfl ^rf llrlielEiiD. Qij Jntm Tlurihii. M.P. 
F.tLb. Prqfcisur nf t^mrp^cEy in ibi: UntrcrHlty of OlBsgOW, nut b or of '^Tbr FrinclpU-i of 
Chftillui FhllDiopbi'." JKddJihii Btuh 6«. clutK. 

BUTLER,-A SKETCH OF MODERN ANP ANCIENT GCOCRAPHY. 

D^ SuDuei DalLcFp D.l>., lalt l^irii L^H'shiHjp cf liEchftclil nnd ('nrcnirr g MEid rormcflr licnd 

TJti" jprptfHJ' i^ifiT^iDn hat it^fi cnrt/nHtf fftrhfd b^ tht auiJiBr*t ron, ati4 tnch niipjniiont 
tm-ftnitir^tl 'If T'l'iu'ri'i^iffy prnjfrr*'it'e fUttaftrlti anrf fjl^ tatfwt Im/QTm^tfntr rrmftfmt nr^ri' 
ffirr. fC'-^'-rtl 'rrtfjirla hfi'r'f b^^n rat/iliiKtljf eontntttd ukfTf flHf ■iott&t Of^ difi^nftf/ trpmrJ Jo- 

BUTLER,-AN ATLAS OF MODERN CEOCRAPHY. 

CtiH"l«t.lii*t iJ* TwftnE^.tbtec cdoiiitd RUp*, froait » N^w >*rt wf FlHt«i 1 wSth n-B Indri fti 
• II till! Ntttnea at Vlmjtuit, vcittc'u\e It tlie li^t^tiludri afid L£)'nirilud»H Dy tht \*it- Dr. BuLltr, 
Bbhop ot LIcbAfld. ficw Eiiitinn, ctirrrctiril. Svn. Vit-l-nU-bovni. 



NKW WUICKS AND >E:W EDJriONS 



BALMAIN.' LESSONS ON CHEWIISTRY, 

rgtflheUltiDf Pni'll^inSctiMLjiii, Jujitur Stud^^at* Id Unhf^Tiitleflt *n>^ H'^^^rk who wlsb I4? 
Unfn tl^e ruiidanienul rrinL.^t[ilei m^i l**.(tLfii|jr Factft : wStli QucBLlnun for Hsumnnlion, 
GlaiH^lfi Qf Chpmka^Ttffm* iwd CbeoLleiJ SjriiibolnK unil ■■« Indci. By WIIUaivt. H, Biimi.'in. 
W\Kh Dnjncruut W4Pd^(it>, llliiAtir&tJvd of ibc U«(;<)mf4J«iLLi<)'^l. Fi^oticiLp Svu. 61. Llotfa, 

BAYLUON.^THE ART OF VALOINC ft£NTS AND TILLAGES, 

And the TcQuit'i ItLeht of Entering nnct Qiuittiuit Farma, nplaincil by scTrr^l Mp«HmeOi ffl 

ViluBtlorii: Bfld JUmiirkii on the CultlTatU][i pBraBcil on Soib 5» di:|!pT*k»t ^SLutlloDi. 
A^a|Ue4 to tlis Ui<« Pf L^atitlloriiti, liKiiat-Aj^tnlH, ApiimBcr»i FKnocn. had TeoBnti. ISf 
J, S^. BKi.'IdD.n. ALL EdiitluiL^ i^rr-ected iLitd rcv^Bctlbr JoSf] Dotiald^oti, ProFcaiorof AffricuL- 
tvre in. the Ai^ricnl Lnnl Tr^uM^f ScbiHil» EJoddcKdutl ; Kdltar ui ** Tlie Plou^bT" etc^ flro. 

BEALB (ANNEK— THE VAL£ OFTHE TOWEY; 

OrtSkclcbci io Sautli VValca. Hit Audc BarJr. PosllJTd. 1L>4. ^.^ cLirttli. 

TtM^fT^r Mlwrf."— SpecUinr. 

I < J P'lfsri 11;^ ttoJutine a/ /itnttl^f tkeieh^t of WtUhtctwerg, MjxrinkJe^ with tiorini^ ^ntv 
folt»^ anil rcviv-Hxer.'^'' — l^llfrpu^ Uu^tte^ 

*' TMm tirgant aad anottiBUthed leriter /r-^s torn < f*' rf^lR^I »* agT*.rri6.{s v/ Mfit Mttfar^.^ 

Allu. 

BEDFORD CORRearONDENCE. — CORRESPONDENCE Of JOHN, 

*, * ifo-/, /Ji. to eu-\wpteti ikt uvrki «* uesrif rrarfjr. 

BELL.— LtVES Of THE MOST EMINENT ENGLISH POETS. 
Pfll^bi^rt Hcll^ Esq. 2 VQla^ fooGicn|> fSrOn wUli Vi^eUcTlEliraj i'is. clatb. 

BELL.-THE HISTORY OF RUSSIA, 

t^rDLii LUfe E^rHeral Periiid ta the TrcbLjr nf TilsU. Dy Ro-bcTt Bdl^ RHrj. 3 fo]j. faoUd-pAro. 

wiLb V^4f[tccEc HtLci, \&9. clotb. 

black:— A PRACTICAL TREATISE ON BREWING, 

Bnied an Cbcmir^li B-ad KcnnoEaicAl Priniilples : rittj furcnuLiu frrr PalilEc BrCircn, aii.4 
tiLttj-iictloniB fdT Pri'^Htb FKrntlic-R. 3j VVililriin Blnck-. Tliird RdlUuiii retUH iUld Ciir- 
tccted^ vUb cQtiilderRble AddlMmriB. The j^ddiLlonf rerUed bjr rrofeiaar GrA^am, of Wt 
Londtta UA^ertJtj. dro. lOt. (veI!. clDlb. 

B-r Lbs JBiuc Antkcr, 
|tI!MARKS DD BrWARl.VN BEEIl. Lon^lcn Forttr, Lbc [nlnenire <t{ RkctTicU)- <k|i FfrmrHI*' 

"TrcatSac tm B«»>ng/' 8»0i 2j- firf, iewird. 

BLAINE.-AN ENCYCLOP/EDrA OF RURAL SPORTS; 

Of, n. compJEtt Ac [rnniit ,. Hi.3torifHl, Prai^tiiziJ, bqiI DcEcriinLii'Bj, cl E-lunLln^, Sb Doling', Fishbiii, 
Rhrtnir, ^n,rj: [jtb^r tl^'^ld 5pijrt4 «iid A&hlt^tlc: AmunroiT^iiti of tbt prEunt d^ji l^r De^UbcrB 
P Binlnt, F'Ki] ,fcuLhi>rt>r "Outllaej oC tbc Wurinnrr Arl," " Ciknl»« Plltliolo^/' «te. «lc, 

VVtlb aieuEir GUO iFinj^irnLviniF] an VVcmdj bf H,. BnuutQin.j. from Dmring;* by Albcoj T^ LauU- 
fttTf Ulckci^ etc. Sto. ^. IO4. cloth, 

ELAIR'i^ CHRONOLOCrCAL AND HISTORICAL TABLES, 

Fr'imttieCrt^alEiinlrpEhe pfei^sil Time: ^f!lh AdilitJun* nodi CorWctiona fn>ni IhiMnnlMntbrn- 
m^WTitcTBi; in4:ludLn^ tb.« Cftiapulittinn af :RLP*,a|, ^n. Tijii^i^tting' tht P<-rli>il frara tb^ 
F.EcidB to ihiiT^mpli;, Under tbc^ rrr1sL-i.it of Sir Utility RHU, K.H)* Prlf>iH|iAl LlbririiiD oF 
the QrltUb Maifiiicq, Jnipprial $!to, 3.1f. Qd'. bnJ^bnund'^ iiaoroc-(;o. 

BLOO^TFtELD— THE HISTORY OF THE PELOPONNESlAN WAR, 

Nol«h Pblli^lotfli'^hl and EjipUuntorTi HifltorliriLl nnd GeoerBPlalit-Ml^ Br 1>t R«ir« B. T* 
BLciiimleld, D.U. F.^.A, 3 vok, 3to. with Mnpa itnd FlBtc*» sL M^ hoardB. 

liLOOMF]ELD.-THE HISTORY OF THE PELOPONNESlAN WAR. 

flvTtiML'rd]4J4!n, A Ntjif ^^(Muloitiif the Teit^ witb a.^k[-^'^i1Lv nniCiHlvil rLiiireuaiinp ; nAdi 
CO-tilAiiB Nct-CB', Crltlfd, PltStuliigitnlp nn-J Eiplinatoi-}-, .h]mi>;it cntlrc-Iv ari^TiB.1. but partljr 
BfcleL-tcd anal arriiDiJBd frotu tbc best R^puillora: ncronipniilcd with ^uLl Iitdrxrt* both *>( 
tirrclc W^crnli mcl PhrmioB cxpltlned, %t\A nvKllrrB dlBcniiedi iu the Nolrs. IHuitrmted \ty 
Id^i k^ndPkaif mdltlvUbenfroiDACtu&JSiifver* Bv tbo Aw. S.T. BIooaAeLdt D.l>. VJ&.A 
3¥oli.8fo,38i,cletb. 
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BLOOMFIELD— THE CREEK TESTAMENT! 

Willi i-ojilona Kujllih N'dIss. CHHc.I, Pliilolap[ii:«l, .nd EiptlinpitOrT. Bf lilt V.t*. 
BloiKmScla.D.n, P.H.A. eih Kil![.linpruTc<l. i ioIb. Sio. wilt • M.j of P.IcillBt. «J<. i 

BLOOMFCEUD. -THE CREEK TESTAMENT FOB COLLCCES 

Sl.HuOiJ?: Willi KnrfjiLNstn. Ev llic HeT. S. T. Uloumllild, [I.U-, Fourth KiliH..i,. 
«»lif|lfrd uhd lnipi,>rcS, ihc^um^Hnlcd witt n Nfw Af kp of i^yrln And FjtlfKtiur^ ftdaTtted tti 
Ifje NtfW TcBlulicnt ifcnd Jil«c;iUiikif &u4 ftu \i^Ac^xot G[««li Wordi and f hrtstt «x[tl«utd (a 



f». S.T 
li.clolli, I 
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VOOVER (REV. E.) SERMONS, 

CMfty ilerAj^cd M dnddhtc nmmc erf ttg lending Dflettlncanf tbeCoBjicL Tnwhlnh tnrvddE'tl, 

- aa Ai-pvviUs.. rfioHii&ira|f ^«.'niiipni -preauhcd tiB uv^jriil Public OLL-ftiSona, bomI |irlntnt hy 

dcMHi. ny thr R(^. Btfwiird. Cmanri:, R{?etor of HLEfliUill-ltlclwnre. uid af VnE«]h, lu the 

LjiTjulv of Srairnril; ADit Ute FelJ.,*j c^f Atl-SaaJa' Gotlree, aifcinl. ?lh EtlUfeiwi. 3 T(tl«. 

J«inD^ Mf. botrilm, 

COOPEIl (llEV. E,)~PRACTICAL AND FAMILIAR SERMONS, ^ 

ijRA^g^fd inr PairncLbaJ and IJn-mratiiL' In'StrntLkin. fly tUv KtT. EdWrwU 'C:kKjper, Itfrtni of 
Hnitri'^taiLI'KLdwiine, and of Vntnll^ in tlir CouuCir cvt btrilToTd ; wnd init FeJlt^w uJ Ail'Sonlft 

■,* ru/j. 1 jTo i^ 6*. ^otfA ; TflJ'*. & tv 7i ^*^ fO'h^ 

COrLAND.— A DICTIONARY OF PRACTICAL MEDlCINEj 

C4qtn|tr4iMiK<^cite^ri.li Pntb'TjI^^v, tikc- NB-Lurr Aiiirrrr>nEinriii[ I'lf IMA>L<^FkA£R4 J^nrbid SlructnrCI^ 
udJ liii Utmi}T[\eT* ■rs|»ri;Lnllv in^'iiieMlKL tu i'lliiniaEes,^ ut Sex, knd ta the dilfiorFELt RnttctiR nf 
L(i« H vitk uuTiipraiiti np'praTtrd FnriufiiiilB: of tbe idi?JLL-iikCB recummeniicd. Dj J^inrJi Cupli-IQitf 
M.Ux, Ktii, tut. Jnd tuih. Voln. 1 aiid^, Hro.SJ. cloLh; Rud ['nrt JiU„ 4fl.0if. iC««!d. 

COSTETJ.OfMlSSi.^THE ROSE GARDEN OF PERSIA. 

A i^vtien of Tmp-ilnl^Dna hum Ihe Pcrvkn P^^trts. tiy Laiulift f^tunrt rfiitcllo, nntbnr 

■irf "i*p-ecjEneiiB n* llie Rfcrly Fnctrr oi Frftiac*-/" eff. Long ■Hvo. wilh li IllnrnliiiUcii 
Tlllni, nnd Boird«riiTiiiii.lird iin GuLd and ColLHirn, \Ha. boB-rdB [ or 3lt. a>(f. bnund Id mDrncco 

'■ JTif raa4''ff;r MToas-* i*** iMprrJi Pw^amF. «"f ^nrf Hi^er* fii/ la Srflwfi/iiM* f*F f rtcfrsf 

4H4f rt'^tf il'ifPOfr.rf iTffl ettfata U a firHfan writ tnitrd foirowPf p on nJ-Cnrfriir imfirruiott iiftAe 
ifMUfii'i of tAr fatifjntTffiF a*il i^nlim'*ttii itf lim J'l^timi i'gfit. The orHfrmrtitji ttr^ all of 
fhf matt gvre^attt kinil of ^'t<jit''r» Jf/K'N^Nn/i>n- .rf HrN^ Jh thf tnttr /ur v^fticH the ortfaimt 
wfitt^r$ hiitrf Jaffii^en aojtcttfy rel^btatetl Im lAe di'eofatii,n nfiki'iT iaatrt aad utntftiKtiptM.*' 

Aft UelIud. 

C03TELL0 (MISS)— FALLS, LAKES, AND MOUNTAINS OF NORTH 

WALRfit h*liiK n Ptcloriril Tii^fcr (hrnokrlq tht Hi"*! InaUiri-Hirip up. f|.h] T ih^ Cciynlry. B^r 
Ldinlui }^EBRrt CnitelL'^4 ALiElbrpr L>f ^''I'^cRosf GnrO^n >nf Pthralh, " Hl-mj-ii nnrJ ihe Pyrrnpcnit 
etc, ProrDKBlT illuHtt-hTi^rl wEth VLe-WH, fret\n Orlnitml Sk«lcb("<i liv D, H. M'-Kcwin, rnernvrd 
oil wacKt, uid lJtbogr)i|j1)ed, bj T. uid E, GElka. Sf^iuiTi'- HtQ.'witk Kajf, IAb* clutQ, Rllt 

CROCKER'S ELEMENTS OF LAND SURVEYING. 

FUtb KdltlJiu, (^sirrecti-il ttLfi^ic^tj'nu.t, nnil pJiuitidemblF iinprnrtij Hnall imnrlrrnlBerl, ]iv 
T. (i. Hunt, riuirj Surrci-nr, H»iiitnl. T-j wbltli nrw BrfilEd^ TAWLRS HI'' MIX KlGUKh: 
LriG.VRlTFIV^, cLc, fiVpcriEilcuitcd byRiiuhard t'aTk? , i? f 111 c Nnatkal AlDinaic HilabltBli' 
mcDt^ FafltBTD. l:^ucllr3thH 

CllOV%E.-THe HISTORY OF FRANCE, 

Fr4jnii the E«j-|it^«t PirLrKl tn tlki^ AbilU'Ati>im tif NapnTi^Qn. Bv K. R. Criivrc, Kiq,, 3tcU. 
faoLjE-ap l^TDi. wltb Vl^ncttM Tuli^i, Itit. rluth. 

DAIILMANN -HISTORY OF THE ENGLISH REVOLUTION. 

Uy F, C D^blmunn, luEe rrJi>*iur of Hiitnry nt ttn- U n 1 f? p^ni ( y of ti^l^tlligcn. TifiHHlatEtJ 
rriiia ^l4? GErniitk,% lir Ernas Llciyd, Ki4|, ilrro. li^l. ^jf, rl*klK. 

DALE (THE BEV. THOilASl. ^THE DOMESTIC LITURGY AND 

VAMILY rtLAPl. VIN, in Tvfa Vftw. ihs Ftrit Part bctuK Cbilrirh Hi;mcei Hdni^lcd fnr 
IhMnritle Utt!, wllh PrKvera ft^r #TErr Diiij-nE' the Wf«h, Bclet'li^il ^irla»i7plj froin tn-ir tia«k 
ui Cnuim*3ii Pniy-iTj Tart IL c4in]>ri«Jn[F nn iprrnpTiftlt ^^^crifko-W fyr CTcrf S-iutl-tj E't (.tti 
¥r*r, H^ ihc K*r, 'JVnn~iH lUlc. M,A. Cmlrm Re»ld«iitkfj- i*l St. Tnuri, 'wid Vic»f i»f tii. 
DrEttii'Rt Ijoiidfiu. P[i«i >lti», batidJhUtq^ly prltiled, ^^ifatljf TfttJjf^ 

D,\NTK, THA^SLATED BY WRIGHT-DANTE, 

TmiLiltited bv JtkulNM] Ctinrli'H iiVrit<'hl, M. A. U^r FfUotv df MB|rrl«.|f'li College, Otfuird. 
A ?f»w Erllitldn, reviHcd ind enrrvcted. 3 Toh^fooL^ifi^ !^io. wItU Pdrtmit, Ja. ^y ntfttu-d^ 
*«« r'bf. /.»Mfd|Jif rAf lafffuo^ VatfSI. rht Purffatathf f'^K ffJ- the fur^fHna, 

DA\T i^lR HD\rPnRY;.-£LEMENTS or AGRICULTURAL CHEWISTRY 



Id ti Cfiurie ftf Lcclurcg. Dj^ Sir HNib^jtir^ 
Klh F^ktino. Svn. wU9k IM Platrnt I-'f' -i^liitb. 



Dkv^. With Notci \jj blr„ Jutsit iMTf^ 



UE BURTIN,— A TREATISE ON THE KNOV^/UEDOE NECESSARY TO 

AMVTSin{!4 0F PECrirnKei. Trui«Eat«4] mid alirld^^EL rrom iht; Fivndi or M. FmDcL« 
Xvirlcr ftf Uurllu, Firit Stl{>L'ni1iart .Mcmtrrr eif the Hojinli Avmi&ttjf itf GrPM«fi4 1p ihi: Lliua 
o( 'SwAear^i, utE. pif l-ttili^irt Wbkc, Karf. am. vrilb. liluatnii(luni«| llt.clL^th. 

DE CUKTINK. -RUSSIA. 

llf thtf M-arvinku Ui« CutlitLe. TnuiiiUlriiL From lUo FrvrTlclt. 3d Ejlll-orth 3 mU pi>»t fl?u. 



NEW WOItKS AND NEW EDITIONS 



B0TLER.-AN ATLAS OF ANCIENT CEOCRAPHY. 

Consisting- of Twentj-three coloured MiipH : witti an Index of all tbe Name* of ria<>e«, 
nferrinv to tlie LRtiiuUes find Longitudes. Hj the late Ur. Uutler, BUhop of Lichfield. 
New KUitioa, corrected. 8t». ISt. half-bound. 

BUTLER -A GENERAL ATLAS OF MODERN AND ANCIENT CEOCRAPHY. 

Coniidtinf of Forty-five coloured Maps, and copious Indices referring to the Latitodea and 
Loni^tudes. Bv the late Dr. Butler, Bishop of Lichfield. New Edition, corrected. 4to. 
24$. half-bound. 

CALT,COTT.-A SCRIPTURE HERBAL: 

With upwards of 12U Wood Engrarings. Bjr LadjrCallcott. Square crown 8ro ll.S*.cloth. 

CATLOW.- POPULAR CONCHOLOGY; 

Or, the Shell Cabinet Arraniied : brint: itn tntroductionto the modern System of Concholi*|ty; 
with a fllcetch of the Xatural History of the A:iitnaifl, an arro<int of the Formation of tbe 
ShclU, and a complete Desrriptive Lint of the Families and Genera. By Agnrs Catlow. 
Foolseap.STO. with 312 Woodcuts, 10s. 6rf. cloth. 

CHALENOR. -WALTER CRAY, 

A Ballad, and other Poems; Includioi; the Poetical Ilemalas of Mary Chalenor. 3d Edition, 
with Additions. Fcp. 8vo.6f cloth. 

CH\LENOR,-POETICAL REMAINS OF MARY CHALENOR. 

Fcp.8To.4«. cloth. 

CLAVERS.— FOREST LIFE. 

By Mary Clavers, an Actnal Settler; anther of *'AKew Home, Wbo '11 Follow?" 3*oU. 
fcap.STO. 12s. cloth. 

COLLEGIAN'S GUIDE (THE); 

Or, Recollections of College Days: setting forth tbe Advantages and Temptations of a 
UDlTcrslty litlucalion. Bj **•• ••***•, M.A., Coll. Oxon. Post Sro. 10s. M.cloth. 

COLTON^LACON; OR, MANY THINGS IN FEW WORDS. 

Br theRcT. C.C. Colton. New Edition, Sro. 12t. cloth. 

CONSCIENCKCnENDRIK).-SKETCHES FROM FLEMISH LIFE. 

In Three Tnles. Trinslated from the Flemish of Hendrilc Conscience. Square Sro. with 

130 EngniTings on Wood, from designs by Flemish artists, 6s. cloth. 
** Cordially do we terlcotnr thiB noveltp in literature and art. It whrdt a light at once new, 
dittittct^ and pleatftnt, upon ui. Jt Am sprung up a sort of itonderful ttran^^r from a 
terra incognita. The lait tfile, ' What n Mother cnn endure,' will drav tcartfrnm timny an 
eye. It it une of the nreete$t and mvtt truly etcellrnt letsons ve ener read^and vse promite 
our rend''r$ that they mVl rewnrd «* /«r onr Tecommendntion^ both by team and amitet of 
the delieioua kind vhich toften the heart and elevate the tout.** — Literary Gazette. 

CONVERSATIONS ON BOTANY. 

gth Edition, improTed. FoolscftpSTO.with22PUte8>7'*6d*cloth ; with the PUtei coloured, 
12t. cloth. 

CONVERSATIONS ON MINERALOGY. 

With Plates, engraredbf Mr. mod Mrs. Lowiy, from OrislnalDrawlngl. 3d Edition, eularred. 
2 vols. 12mo. 14j, cloth. 

COOLEY.-THE WORLD SURVEYED IN THE NINETEENTH CENTURY; 

Or, Recent NarrativcH of Scientific and Exploring Expeditions (chiefly andertalien by com- 
mand of Foreign Governraunts). Colicutcd, translated, and, where necessary, abridged, 
by W. D. Cooler, Ks^., author of "The History of Maritime and Inland Discovery * ia 
the Cabinet Cyclopsdia, etc. 
Th*^ First Volume coiitaiiis "The Ascent of Mount Ararat.*' By Dr. Friedrich Parrot, Pro- 
fessor of Natural Philosophv in the UniTcrsity of Dorpat, Russian Imperial CouuciUor of 
State, etc. 8to. with a Map by .-^rrowsmith^ and Woodcuts, 14s. cloth. 
*«* Each volume will form, for the mnxt part, a IVork complete in iteelf^ mnd the whole 
Sertet leift pretent an accurate and luminous picture of all the known porttong of the 
earth. The Second Work of the Serieg it in the press, arid will be** Rrman's Travelt throngh 
Siberia" in 2 vols. Swo. Of this traveller, the President of the Royal Geographical Society, 
In hi$ anniversary addres-, drlivrred in May last, made honourable mentinn in the fallowimg 
tertna: *• In announcintf tn yon with pleasure that the ercellent work of your diMtinguiihed 
foreign member and me Aa\\\%X^ Adol^h Erman^ ia about to appear in Rngliah, I mnat m«t 
ioge the opportnnittf of itnting, that the latt communtcafioTf aent to tr« by *M. Erman U 
one of very great importance. * 

COOLEY.-THE HISTORV OF WVMOrWWt K\W> \nVKW\i X>\%^'?i>«2R\ , 

By W. D, Cooley. F.8<i. 3To\8.1ooUc»,v%so.-fln^XwN\«tttVt«,'VvOi*.*»\**.«\^>;6.. 



PItrMtD FIIH Bl r.S<^ R?*. LONOMAW, AUD CO, 



N 



I 



I 

i 



COOPER (RKV. E,)-S£RMONS, 

CbH-Bf d)(iii[|fikt'4 In tlBttilBii: wjiuc iif Eht kiudlnf I><wtHlir»nF tbp Daipelu Tuiwlilcii l-m^die^^ 

■ Ml Appenilii^ rotiiBiniiiK S^rnmni pi-0R«h#4 tm »et«!r«i Piilillc Oi^cultinB, will printed hy 
d^Hln:. Uj (he Re*, Brtw-ird CiNnpcp, Rertov ol KfimfltfiU-RidirFire, nnil of VomLI, in Ih*^ 

COOPER [T^EV, E.]^PRACTIGAL AND FAMILIAR SERWONS, 

|JrfliEi5c-d iar ParchrhiAj Aifil lJrjiii,rit3c i antfiiLtiuit. 0\> tit' Uct. KiIWih-J iluc^ficr, Rr-c-tor olT 
Hjicrmtnll-lliilwiuv, aiiJ tif Vnsn-lJ, in tlii^ Cuuiity nf istmrortl i *»nl i*te f'eliluw of AII'SobU 
CnlicBf, OK/Lirii. Now KditNiw* 7 y^U, ll'aiu. IT IS/. biurOft. 

■•,* r-i«rt. I ('■f* 1^ Bi. rffH; F'o^.6 to Jt *»!- «M. 

COPLAND.— A DICTIONARY OF PRACTICAL MEDlClNEj 

ttiHl ttiv Uiacirfttf-rii CjipcTiaLiT InL^jJcntu) (■.■ (!|jrn^Erii, la Sex, audi to llse din'ercut Kporh)) ^if 
MFe« wUki ii-amcrcMiM KjigirorJil FnniiLilie oif ttac M'>L'-tlii.-t'iie* recDintncnricrL. Br Junr* C^jpljunl,. 
M.D.f etc. etc. Id 3 toIIh VoLi. 1 Aiid^, Hua.Sf.clolhi aud L'ut lU,^ 4j. ad, iciwe-d. 

COSTELT.O (TiirSSj.^THE l?OSE GARDEN OF PERSIA- 

A f^crl^K f\l Tj-nnnliitlEinji frnmn tbe Penhn Ppett, Ry T^nulin Stiurt rnnlelLo* imtbDr 
of *■ ^jtefimcn^ of tbn EatI]^ Pndtrj cf FrmCB," *lc. t-Dii([ Hto. willi li illuiniiivtcil 
Tl(lci,«n<| hfirclprsprfuli'cl iit Gol^ii bQdi Cd^loun, It^. bpftrdftq ut-31j. Tidrf. bound la raorncco 

'*Jii Ittaltim^ thffiHS^ tMl ivjirrft Fifl/wnr, Tr jffi^rf muf* tAit it In-nnft/nt fq rfl*" jfoj-ffi/r 
(1^4 nrf riupsijfrf fi> ifirrrui it a ulfrlian vffli ruHrit tu eanprjf aa rartf^iF'nf** frnpr^'iTJiNhi <if the 
h-*\mUrt trj rhr Mw^wn^r and arntim-»t* nf i^r I'^-r^imti Vi*rUi The prMnnt'^fri nrff n^J/ Mf 
/AiF mnif j^onrcfrm 41iirif »/ jfj|*r^rn Jffuml*FniCl«iiv-ifW[^l'irp Jn /Aif r4jfr /or \sWch i\t ttrifnint 
iFriim Aar^r io^^S 6 ten iftjuttii/ feUftr^mtiit in f A^ irferbra^'»o n/ MH' AoaAj ha^ Ma«iiijvj-jp/f, '* 

ArL LTniun. 

COSTELLO (MISS)— FALLS, LAKES, ANP MOUNTAINS OF NORTH 

W.VLKH; bcinK" * Pictoriiil Tsuur tTjruuifh ihc mrni, inftrF^tlni: purlH^Df the; Cftantn-. Hv 
Loultn Stu&rt Ceii^Lrlln, psnthjirnf '*l'br l)(i«r Gt-rdru n^ Petnlr»+'' *' ncHrtifciiil tb-c PyrtnfES," 
etc, Prafuie^l^ nLunimicil with Vl^ifKi fmm. Or1iifliiH.li Sli«tc]ii*H b^ D H. M'KcwAFip enifriiTcii 
nti wood., and llitboj{^m^h>pd«. bjf T. «I»U K. GJtlii^. t^tinuB Bra. with Map^ 14r. clulli, jftlt 

CROCKER'S ELEMENTS OF LAND SURVEYIMC. 

F^EEh KiLStlnii, i}Lirf-p>i:l4'rJ: thrfUi^SiaaL^ nad coimldrritiLT SEDiim^ril nnd imnit^mlBcili by 
T. n. Kiitji, l^biidl Siih*»ij-j;.f, UrUluL TiD wlil.'ti arc ailjlurj. TAHLF.S OF SLX FinuJlE 
I^CiAUITHMSf E^tr.H Btjp£!rLaLi!i]iieil bj RlcbaTil Fuicf} uf tbc NaoticBl ALmnnaE KAtabliah- 
Eui!fl|.. Ppf.t:^a^ lii:t^ cloth. 

CROWE.— THE HISTORY OF fRAMCE^ 

J'rom thr Enrlirm Tfrim] k* the A1i'Hc*itf*n oT NaiJolenn. Bj E , R. Cruwo, E*q. 3toU. 
ro[}l*<rk^!^«ti.w]tb VJifjii.[!|:tN?TitL*-», l^t. clDtb. 

DAHLMAXN'.-HISTORY OF THE ENGLISH REVOLUTION, 

from llicGerniiint ttf H. ErJirtJ Llofd* Eiq. ^D. l^it.^^tf. I'JiHt^. 

DALE [THE REV. THOMASl — THE DOMESTIC LITURCY AND 

VAMEI'V r^H^\PLMXt In Two PhirU: lh« F]nt Part lirm^ Cbnrcb :44rn'lcefl mlAiitcd rr>T 
[>i)ni«<jit]e l^ie, with Prityfn f^i^^vfiry Dpl^ al the V^cck, Bclr'?!!!^ r:t^lD!iivi?ly fmm ttai: tlotth 
of l^ainniQin Prar^T t Pari ] I4. ct>m[hriiiiiB tin 1 ppr" eri^li.' ?^tr¥tk>ti fyr ctery Syn^Bj ('* Xht 
Year. I^T ihr Hrr, Thumiii DhIp, M.il, C^iti^iu Hunl^lt^utliiu^j vT St . f Ayri^ vnJ Vdw at i&U 
Brbiie'n, L<:»llid'Oii. PtnL4Ui. Ilnijdiwjin4--i>' pdntu-d^ [.Vcflf /^ ri-atrf]^, 

da:ntr, thawslateu by wrigut— dante. 

Trmi>iU)ea bir ti:h.%tMha UlinrlM Wri^bl, M^ A- ktr prllofp of MiLffiUIrn tnllcjffk Oxfurd. 
A N>!wKdhiiiin, refSJied^nil -LNiwrciBd. a-roLa, fjnilniinpiifOK iirltl^ Porii-iiH, Ji. (W. je*t'd. 

DAVY I RinilUMrimY;.- ELEMENTS OF AGRICULTURALCHEIVIISTRY 

eih Kdtlldi- {ho.nUh lUPIilei, 1^. ilulli, 
DE BURTIN ~A TREATISE ON THE KNOWueOCE NECESSARY TO 

AMVTKyil^OF 1-tCTirnKR. Trui>t£tc<l >i>,t sbrUni-.! Fi»iii llic I'Trncli or M, KriMicin 
X.vlcr [),■ BurLU,, tint Stl|iL^nditrv .MruiLdr ri( tbL> RnvnL Atqitum^ nl Qrnurli 3ii ihc tlui* 

DE CUSTINE.— RUSSIA. ^ 

Ortt.. tr»f,i(rJ.U( fii.Hjie. Trull.Ul^il rioin Hn ¥*rm:*i, I* ■?.Kvl,VoB>. "i ■^tJ* -■»""»■ ^^ 
Hit, tW clotli. 



DE LA BECHK.-REPORT ON THE CEOLOCY OF CORNWALL, DEVON, 

AMD WBSTHOiliBSrr. By Hcntr T. Ut l> Btelii, F.R.S. tic, Olrei;t.ir of ilic Clrdnmrc 
Ge«lvf8ul Snrrn^ FublUhcd lir c>rd«r at tbe LordA ComiuittlutitrkQf U. JU, Trt^anj?. 

DE SJOEQAN.— At4 ESSAY ON PROSABIUTIES, 

Anil £pd {"bdr Appllcitinn to I^iffl CoufclnccurlrK and I am rani; -c OJficcB. Bjr Aa^* Tie Mar^n, 
E^Lil.f iif TrLniiy CaUepc^Caiabridjfe. F[wlicB.:pflTD. witb VigDclte l*^tl![:^Aj. cloth. 

DE BTRZELECKl {P. E. ^PHYSICAL DESCRIPTION OF NEW SOUTH 

WAL^5 AMI VAtf DlE.ti\S'A LAKU. Aerompinktril br k lii:<ilciKic4l Mati, Sctrtiiaus, 

and Dl«^r«nv4, «ni| F%urci ipf che Ornnli: B«iii«Jn*i fip F. E. He faLnirleckl. Svd^ with 

cotoiiFEd Hrk\A And DUmeriXLi PIkLbi, 34f- cloth, 

t^' "TJifj Jf ikifJSTMt tptftfmvlie anil campletr nalurat ar ekftleal Alitor^ of tkf ^tst Mfumihrrn 

rr^giin vAJrJi Aat Ititffjt t-a^tt adifti to iht e\viiii*d vurii/. Tht HHthttr k^tM hrm it tfsvfU^w 

ir iHicde a fi'^r u/ TlUJ mii^<j on fturt- tf't rpTtmrnf^d Mi wvi i/t »H Ijtttrrtifd iu t\* 
Atttlral\*rt ctiftrmirw, or in wxienrt f6T Iti tvtttakft at thontif tfititmg Bcieiatijfir j^cettumt t/ 
Ikt iVeie ProrJ'<."-'Talt'i MngizJne, 

DOCTOR iTKE), £TC. 

**■ A4fmiTabif n* lite iMfrt^rjmf the* Dcttar' Atuketn prrgerufditp ie tkmpret^ot^tryiFat, 
tierr it no hiigrr awf rtatom for aftettng- wvwtiw «« '*' taijret. Tie aatAof it Rt»h«rl 
SOKltbey } A* ockmotetrdgrd thf fact thurtiff iif/nr* hit Idir HIheu fp kiw a»ot% tfnHjiilrmtiel 
frtfnd^mm M-f*' o/^i^^g^ rfntroj^trr, fm a prtt*ate i*ttfr front lArv. Sou^l^cj-, Mat^d feitt-uats 
SJflA^a, lAr m^tinirittti'r iheffift, but dtftfi tknit the grtitttT p^ti tif n ii^ik foiame ktd 
rrtitf tSf^H^k tkt Mtftt, ii*t£ tk'il Soiithi^T looked forward U ike pteatmtf <»/ dr ti mi nr *>** 
IriH-a Jr at acantrifulur; fii*irtg^ ArffnU nuthmTitytoaJirm that k^r Auft^fjttJ tM tkt ^ulkor.*' 

Rob-rrtBflil.EjJi., in The ^taITTlJ]cf, 

DOnpnn>GR-THE family EXPOSITOR; 

Or* ■ FviiiLrBisc aad Vcrairj] of ihc Ni:TT»luiiEnt; with Crltliral NnT«*, Hud ■ Pnclkiil 
ImprcRcmcnt nf pftL'h Scitlen. Bv P-l>^^dnAe^t, nil- la which ii pre^^i'.d, h Lifn oS Lbe 
AucLnr.Lij A. Iii|i[ilft, l>.ll. F.K.S.and £$.A, New EdiLiuD, 4Tal.». Sra. U, 1fi«, ^laifa^ 

DONOVAN.— TREATISE ON CHEMISTRY. 

!Vj- MErliui [hoELOTkb, ELpq,Thl.n^l.A, 4l.h EdBlifliJ. Pcap. ^o.with VSjfoelte Title, 0«. ^lotli 

DaNOVAN— A TREATISE ON DOMESTIC ECONOMY. 

St M, UDDnvftKf £i(i, M.H..|.A.^ PfoftHior ol crhfmir^lry l.j tbe CotnijflJiy at Apotbc-cari^ijt 
Lrcl&nd. JFTDli^fD-DUciip 9t{^. with Vigii^nt-f Tbllcl, ilTf.tild'lhi 

DOUBLEDAYS BUTTERFLIES. -THE GENERA OF DtURNAL LEPt- 

liOr^lRA; codiprtptlnfr their Grncrii: Cbarfectura— a NiJtSre af tht Haliila And Tr^iuliim- 
■tiona— and a C4bUr»>|fiiE nf il]# Sp^tir* oi pt-vhCcaas.. H;^ tdwiird D>cti1iU><lB¥r StJi, KnLhS-. 
riL%t ADt^litxac ia the Znulnufichl ilcpBrlmeni ol thv brlti^b M uie-iim. laipgrfaj ^i^^ uniform 
triib (*T*y *od MilchEyi OrmtliDlo|fy ; l|JuNt,ral«i| wstti 7^ Ct'lo-qrril PisiCL 

iplrS fl«<hwpiiHtf<Bj patter it'' "i. PublicatiBm ii-J/J cntNiiieifir^ ivJ^^n iDtJ Sutler i&.erM'^ ^VfyMdi 

4tii"^ frrrn Tfpciwijrf,. 

DOVER,- LIFE OF FREDERICK II. KING OF PRUSSIA. 

Bj LiDrd IN]Y rr. 2d Kdillnu. 2 tpIb. 3i»o. with Portrait, CSi. biiftj-ck. 

DRUMMOND(DR. J. L.)-LETT£ftS TO A YOUNQ NATURALIST, ON 

THK STUIH' OF N.ITLISE AND NATUIIAJ. THEOUlliY. By JmnBi I.. DxummoA], 
M.D. /Inltinr of "Flraf Jjtcpi tg But«n»," <lc. Sri!ullli;,EdlU<ll- Pnit Sta. nitt WoaJ 

DBtrMM0XD.-F1RST STEPS TO BOTANY, 

Intendifii u tlnhuUrllliutrRtl.iiix mi llifl ^cicrcCj icntlin? toiti itodj&t a bmncKcyf HTaenl 
eJui'4t1uf1. By J. L. Pnunmoiiil^ M.l>. f)th Bdlt. l^ina. with mamcroas WDoUcuu.^.bDvdK. 

DUNUAM.-THE HISTORY OF THE GERMANIC EMPIRE. 

By Df. Duftliaan. 3 villa, ianlacsp Hvo. wftlli ^l^rnpttE TUIi't, laj. rlolh. 
THK HiS'niKf OF EUKOPB IJITHINO THE HISTOHy Of POLAND, tlj Dr. 



THIi: Kll)Ul.E AGES. »r Dr. rjtin]iji.tii. 

4 Toil. fooUirip SfO. with ViflDEtle Tltkn. 

W. 4j. rluth. 
THE HISTOBY OF SFAIN AND MnTLJ- 

UAi;.. By l>r. DLLoh^ip. q vi^Ep. foi^lscap ^ro, 

witli Vi^actt'.' TitlcE. If, iUjr. rii}lli, 
THK msTlJRV II* SH'EUEJJ, DENMAUK, 

ANDNOHWAV. Ely Dr. Itunbuti. 3 mli. 

/nulftCip^D.wbthVl^nctte 'fltlE^Rj ISr. elolli. 



DuEilLini, Fo«i]ilc»flaiFD. wilt nifn tltc "nilc, 

et. cloth. 
THR LIVES OF THE RABLY WHITBBS 

OF tBEAT BHITAIN. Br Llr. Dunkin, 

R. Bril. E»i., nc. PoaUcan s»i>. •lUi 

VltfiiciteHtlf, 6# elorb. 
THlC LIVES OF BRITISH DUAMATISTS. 

Br lit. Daahiui, R.Bell, E>q.,efc. StoIi, 

fnalft»p Hva.nithyiKDCilt^Tltlet, 13f clalb. 



i 



P^ctie; ill Ollf Vrtluma, MiiiLium Hun. Uii. cVA^. 
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EtLIOTSON.— HUMAN PHYSIOLOGY! 

IVkbwb'ic'b 1aiiicurp43FQlcd much of Lhc tltc-iDEDlBrTFiirt nT tbe**]nMtltut1einiri»P'li]rfll<itci'irlce*''' 
rtt J. ¥i Dlmnfiab»cn, pTthftAftfir in ibc UniTCTslty at Ucillinpcn. Br John Kfli4iaon> JAA'i. 
CKiilMti, F.R.S. Hftik £ctfitidii. Stu., vith nuinerDn^ VVDud-CDti, 3^2). clot^. 

THE ENGLISHMAN'S CREEK CONCORDANCE OF TH£ NEW TfSTA- 

LijcJuiliuji' M CLjUL:Drdiii4it:c tci' lIie Pra|tET Natncs, with ItidcE^if 'Greek - EiLelli h, Kiiil i^ii<gl]i&h- 
Grouh.. 2A EdlLiuu, BarGfulljrevlseili, witb ■ uiiw Ld^Ibk^ f>rc-«k n^tl EagiLLib. Aoyil STD. 4^. 
clotli. 

THE ENGUISHMAN'S HEBREW AND CHALDE& CONCORDANCE OF 

THE OLD Ttl^S I'AMJiN'Tt belBif an iitEempC ^tuVfibiil CanniraSHjn btlwpcu the Origiiial 

RD^ tfa« E-rt^laili Tri-hiJi^ti:^ii«! ^ilb lutl7?Er)i, i« Mi^t vf th? Fr-npcr Nnmcn iiiLd tbelf ui'i^ur- 

FAKEY,-A TREATJSE ON THE STEAM-ENCINE, 

mptncttiu* Wi;KirJi:uxil:t «nd £^ Ci>|Kper-pl«!>F»> ST di. in b[}ardj4: 

FEKGDS.-THE HISTORY OF THE UNITEO STATES OF AMERICA, 

FfofB. thit ULiLCUTC-rj of Aiacnca to tbc Filectiioi] orGcahcr&l JArkaon. Icrtbc Pf c M Ldc iLi^y. l^y iUv 
Rev. U, FtTH^u*. 9 Tul», fuotaCAp Bvo. witb VJ^otttc Titliei^ l:£|i. clolb. 

FIELD.- POSTHUMOUS EXTRACTS FROM THE VETERINARY 

HECORUS OV THK LATK JOHN FJRLD, EdlUd lij hin BrOiber, WlOiam FUlil, Vctc- 
Tinary ijiufcaa, Londun, BrOrRli, b'dft.fdi. 

FITZROY (LAKY). -SCRIPTURAL CONVERSATIONS BETWEEN 

CHARLE3 AND HIS MDTIi EH- Dy i^df CIitLrlcH ¥\iinjy. F«^u|j)4.>tii Uy j. -Ij. E^t^. cktbi. 

FOBST Ell,- STATES MEN OF THE COMMONWEALTH OF ENGLAND. 

WlLli ^ InlrodurttiPrTTrv^iitiaF uni the Pupulir ProgrrBi in KtijIiBti mitorf. By Jcl\n Kjirsiep, 

1£*^.. h WiiU. fonl?u-p.ptltn, w1((i H>Pitf1«»'il Prt|-tr»i|-t« <?f F^rin. KUt^tj. Hi.uipdcn^'CTOEa%t>], aJid ui 

HUlorfc&LSiiEiii! u^ttttm, Piriui-e bj^ CDllenuole, W, |H>r. ulotli, 
ThE Jnlrniil'attorT TrealiBB^ iaiciiJed ah- an Introductinn 4h] the Studj- of lb r Great CItII Wit tii 

(be Sefi'ihtrrTiEb CunLnrj, BcpRralcLr^ priEE?f.&«f. sewrd. 
Tb* ibo*Bi»i>la, form Mr- FarRter'K Furtian ot tbc LUc-» [»f Ernln^nt QHtiih SUte-fttnen, bjr Sir 

Jnmeii MirkinSiiEb, tba Ttl|fht Hnn. T^ P. CaiirtejsAfj And Jobn Fomter, ¥Lni. ff fiilm, fDDisc«|i 

FOnSTER fKEV. C.J-THE HISTORICAL GEOGRAPHY OF ARABIA i 

Dr, tie Putridrciii E*ldl*P(!eB f^t Il*"i'eiUH Reiipiijni. A -MfttiiJlT^ -wlitli iliusLPslhc Mnp« aciil 
ui Ah]ieQdlX| eaiLyjuDaf TnLEL!iLut.Li>tLa, -wjtti n-u AltilinLL't &ai3 iTbisury cif tlt'T llinnj'^ttc 
iDarrlptiuDk i-cccutl)' dlo i:i>TCTcd ia HadrHritinut. Dv tni; nL"Vn rhnrlrit FcinttTt H.P^i i^nc of the 
Six FrcKilicra Jn ibc C^-eIi rdnii cjCCbriht, CujlE^rLdinF, ejid HctUir uf SliRtedi KlH^:*} Kiatlwj' i^f 
^' MaliQinntuLJiin UDTt^Utd/' 3 vcis. Htd. BUi. icti>tb. 

FORSTER (ItEV. C.)— THE LIFE OF JOHN JEBB. D.D. F.R.S. 

L»tpl1.ikbi,F|iof IJutrkh-, Wit^aKSfLet-tl'iTJrroin bis L?Hi^rM- Bv Lllie R'1!t. Charles l^areler.B.U., 
m i;i.'tiit- III S'tJ^t4h3,. ip^scXn '■^^^ '■*'^^ uf Ibc SIk IV't^'KbifrJ lu tbm^slbiidrsloif Christ, CtrvtcrbnTTt 
fcirmcrbjr IXjEauBtic Chaiilurn to Lbc Bijboih. ^ £!d.ltjiiii. ^ra. with FcirLnil, ctCr iFji. cIi>>^^t 

FOSBROKE.-A TREATISE ON THE ARTS. MANNERS, MANUFAC- 
TUJli:S,«n4 IKSTITirnONB of lhc onEKKB mil HUMANS, Bf Vat Be».T. U. Foilirgln:, 
<■(, 1 voli, f«<ilii»|i 9»«. Willi VlfDnni! Tillei, IJt. dutli. 

GERTRUDE. 

A TiJe. Hy the •uHior tif •' Am* HtrbBit." EiHrcd tf il»! R(i. Wiiliua SeweU, B.ti,, of 

GILBART(J. W.KTKE HISTORY AND PRINCIPLES OF BANKING. 

Br Jnmci v^lULnni (jILbnrtn (^rnrriil MniLRfrr uf lb? LuEiduJi Kod UV^tjiiiniCcr Uftiik ■ 
TWa Ellilkm. »r.i, 91. i>uiira«, 

CLEIG,— LIVES OF THE MOST EMINENT BRITISH MILITARY COM- 
MANUEJIS. By llieHM.ti.R, Ulel(5. 3 .i3l..fo»lic«p S»i. »i[b Vlsncttt TlUiM, 1fl«. tlutli. 

OLENDINNINO —PRACTICAL HINTS ON THE CULTURE OF THE 

FINK.tl'I'l.i;, Sjn.Clni'lliintliK, (iBr4r»?rliitbeKli,'tMUDn.LvriJ(<ill<:. BIclvu. l^e. 
w\t% Pluii l.( Plaen-, it. rl.illl. 

GOLDSM[TH-THE POETICAL WORKS OF OLIVER GOLDSMITH. 

llliaHLrnlFd bv Wd[mJ Knjfrftrinjf^, from tlm: aetlgUM nl (r. W. rop». A.El.A.. ThtnQkH 
Crcf^ck, A.R.A.. J.C. Hartley, R, licd^KTC, A.H.A.. nnA Krcricrkk T^i^l", M*mt^*,»*'A . 

or saw. bonud la moreccv, tty il%jdmy, 

*»• One flumirrg Coptrt. ;«. Ii, fault, frlnttd nn |iT<TOTf(S fKijirT oj iT«iiVtciH«»-«" 
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12 NEW WORKS AND NEW EDITIONS 

GOOD.— THE BOOK OF NATURE. 

A Popular lUostration of the General Laws and Phenomena of Creatton. By John Mason 
Good, M.D. F.R S.etc. 3d Kditiou, corrected. 3 vols, fooltcap 8to. 34*. cloth. 

GRAHAM.- ENGLISH; OR, THE ART OF COMPOSITION 

explained In a Series of Initmctions and Examples. By G. F. Graham. 3d Edition, reTised 
and im'proTed. Fuolscnp Sro. 7s. cloth. 

GRANT(MRS.)-LETTERS FROM THE MOUNTAINS. 

Bein; tne Correspondence with her Friends, between the rears 1773 and 1803. By Mrs. 
Grant, of Lag^^an. 6th Udition. Edited^ with Notes and Additions, by her son, J. P. Grant, 
Ksq. 2 voU. puit 8to. '2la. cloth. 

GRANT (MRS., OF LAGGAN).- MEMOIR AND CORRESPONDENCE 

of the late Mrs. Grant, of Latfg^an, author of ** Letters from the Mountains,** etc. Kdited 
by her Hon, J. P. Grant, Ksq. 2d Rdition. 3 Toln. post 8ra. Portrait, 1/. lis. M. cloth. 

GRATTAN — THE HISTORY OF THE NETHERLANDS, 

From the Invasion by the Romans to the Bel^n Revolution in 1830. By T. C. Grattan, Esq. 
Foolscap 8vo. with vignette Titles, 6«. cloth. 

GRAY (JOHN).-CRAY'S ELEGY, 

Written in ft Country Churchyard. Illuminated In the Missal style. By Owen Jones, 
Architect. Imp. 8to. 31s. 6rf. elegantly bound in patent relievo leather. 

GRAY.— FIGURES OF MOLLUSCOUS ANIMALS, 

Selected from various Authors. Etched for the Use of Students. By MarlaEmma Gray. 
Vol. I. 8vo., with 78 plates of Kignres, 12s. cloth. 

GRAY AND MITCHELL'S ORNITHOLOGY.— THE GENERA OF BIRDS; 

Comprlxiiig their Generic CharacterH, a Notice of the Habits of each Genus, and an exten* 
sive List of Npecies, referred to their several Genera. By George Robert Gray, Acad. Imp. 
Georg. Florent. Soc. Corresp. Senior Assistant of the Zoological Department, British 
Museum ; and author of the ** lAst of the Geuera of Birds,*' etc. etc. Imperial 4to. illus- 
trated with 360 Plates, by David William Mitchell, B.A. 
*.• In courue of puhUeation In Monthly Partly 10ji.6rf. each; each Part consisting of Four 
coluured Platen and Three plnin, with Letter preisy gieing the Generic Chnraetert^ ihort 
Rrmarki an the Habitt^ nna n Lilt of Sprciea tif each GettNx as complete a* possible. The 
HitC'iloured Plates contain the Characters o/ all the Genera of the various Sub-familieSt con- 
sisting of numerous details of tteadSf Wings, and Feett as the ease may require^ for pointing 
out their distinguishing Characters. The Work will not etrceed 50 Monthly Parts. No.^ 
was published OR \$t oj February. 

GRAY (J. E )-THE GENERA OF MAMMALIA; 

Comprising their Generic Characters— a Notice of the Habits of each Genus — and a short 
Character of each of the well-established SpecieR, referred to the several Genera. By John 
Edward Gray, K-sq., Keeper of the Zoolnj^ricaf Collection of the British Museum. Imperial 4to. 
uniform with Gray and Mitchell's Ornithulogy; illustrated with 175 Flatos. 
*,* Tit be publlohed in Monthly Parts, 12». each; each Part to ennsist of Four colonrrtf and 

Three plain Plates, with accompanving Letter-preis. The tVork will not eseeed 25 Parts. 

Publication will commence when 150 Subscribers' Names have been received. 

GREENER.— THE GUN; 

Or, a Treatise on the various Description j of Small Fire Arms. By VV, Greener, Inventor of 
an Improved Method of Firing <:annon by Percussion, etc. Svu.wlth Illustrations, 15t. boards. 

GREENWOOD (rOL.)— THE TREE-LIFTER ; 

Or a New Method of Transplanting Trees. By Col. Geo. Greenwood. Svo.irithan lUus- 
trativc Plate,7«. cloth. 

GRUNER (L.)— THE DECORATIONS OF THE GARDEN PAVIUON IN THE 

GUOUNDS OF BUCKINGHAM PALACK. Fifteen I'latcs, by L. Gruner. With Descrip- 
tions by Mrs. Jaraenon. Published by Command of ilcr Majesty. Small folio, 31*. 6rf. plain ; 
coloured, 5/ 5». cloth. 

GUEST— THE MABINOGION, 

From the Llyfr Coch o Hergest, or Red Book of Hergest, and other ancient Welsh MSS. 
with an English Translation and Notes. By Lady Charlotte Guest. Parts 1 to 6. Royal 8vo. 
8«. each sewed. 

GUICCIAHDIM(F.)— THE MAXIMS OF FRANCIS GUICCIARDINI.THE 

HISTORIAN. Translated by Kroma Martin With Notes, and Ptirnllel Pasitages from 

the Worlts of Machiavelli, I^ird Bacon. Pascal, Rochefoucauli. Montesquieu, Ilnrtte, Prince 

Talleyrand, Guizot, and others ; and a Sketch of the Life of Gnicriardini. Square foolscap 

8vo. with Portrait, /». ornamental boards ; or 14». bound In morocco {old style) by Hayday. 

** A very acceptable volume, which, from its ea-tervnl anri in tern nl merits, deserves to lie 

on ci'eri/ library table. Its literature in of no common hin/i. Both the axioms and the 

biography of their celebrated author recommend the bonk, indrpendrnt/y of its curious form. 

And let tis ni'te, en passant fAnt the casket is ad'rpted, with rare nki/l and taste, to the 

golden rules \t encloses It ia in the old-f/tahiimed style, vood^n boards, neatly and an- 

11 tigtteltf ornamented, a portrait o/ the A'bfrt-DuTrT feiurf, 6/ncA-/''r(fr rnnnina titles, the 

II pngra squared in rule lines, with tmiTgliml lnil^TFs^^ua\iii ii*UV.i\vu«T*,.i,id<wr/v coi^-rf 

// frOfft some conteMpornru ImUnn hooh, a.id, in »H»tI. aVl the juncvjul <u;<:«™,inw*>»xx >.>,\,:k 

// inaAeu»like the author the better Jot his resu.c»talKun,H» U v,.,e,V* xKt ^^^„av^J%«>..i 

If his r//f^C;*."— i'itcrnry Gazette. 
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aWiLT._-AN ENCVCLOP^DIA OF ARCHITECTURE; 

uijfvaraj at lUlU} Unj^r^viiiSt' ■>' '•'i^U i-f-^i^^ Umtucii Ij? J. t5. UuiUr ava. L''. iift. 6d, cl'jt)). 

HALL— NEW CeiMERAU L..rtQE LIBRARY ATLAS OF FIFTY -THREE 

M.\Ph. on CuLarnbUr l"iip4T ; wUli tlit Uii'Siuiiirt niitl Htumil^rln! ciLrtTullT ^^Jktl.^et|^ Cztn- 
iiriii-ttril entimly feom Near llrAwhi.E'i, mctl £it^:ni«i?il l/Kldurv' H^il, IVewXLliliian, ttaoTouelity- 
nevite^l mitl t'orrc-clFil ] Liu-]utLiri^ nt\ slbif^ Altt^rvtlmun r#nd«red u«(.'Bi9u^ Jsv Ibu nfL-dLLOflfi'ikl 
>iurverB, the ^ifew tlonilri iHt tthi* ('f)-M]iit!iLlr ^'^>1 n cikrpfuk CcaipftTiBon wlllii th,tMinth«nlicHlod 
Ltii*i:<iiv-i:t'Lvp|.|iui)liih'i:di'Lu Lbc Jut-L-frt Vtij^necH-bEuL TrAvdj. tiihlcd in IihU, ^ilLt UuiiL£«i, LiaIJ' 
bitmti iu I'livjiia i lull »\tc uf tke Mbiih, Icn Puuitili, iMlf-buunfJ in rkiim-ift. 

ilALHTED— LIFE AND TIMES OF RICHARD THE THIRD, 

M Uiikt of t/iijuei9)ti!r And Khi^- rxf Gu^liiEid ^ Iti wLli:li oil tlad Cbftmei ii^Bin|.t lilm are L«r0- 
fullj' liiTCiti^tatcd aufll ■L'rmitiiLrL-di wltb tLe HiCLtpmeui* uf ib-i? Cotcmpmr^ :'^ tiLliDrlLitfa. Hy 
rmroUiie 1^. ir^lflcfj. BLitliur uE '"llaG LiT^rol &fari{ii;B>t nEnaurijrt.*'' ^ fiiU. hvo. wLt^i P^jTliajr 
fronii hu Uriuiitnl l^'ictnre' in ttie pot^a.emetiva nf tlir RJf^lit Hiicjuitablci LurU i$U(!'LifiE, iJL"Vyr 
Liifurii: t:b)jmT4^iil^iin[J utki.ar lliHialrBtloii-i, Ij!. Idi. i;li>lb. 

HAMD^BOOK: of TA5TE (THE); 

Or, Kdw to OtjticrTw- WrtrkN uF Art, c^pninllr CtirlcM3>a«, Pk'(^rcl« bud BUlucli. By Kiblna 
P[i::LiiFl ^d EilUiigiiih t'u-ulicap tiro. 'Ai. [jDArdt, 

UANNAM.^THE ECONOMY OF WASTE MAfdURES; 

A Trc-«l1ic nci tbtr NiLuro Kind Uh» af Ni^fl'-edecL F«n >l h Ue tH- Vty Jn'Ui^'Hni'timta- Wrlllfii 

IIANSAIID— TROUT AND SALMON FISH INC IN WALES. 
HARRIS -^THE HICHLANDS OF /ETHIOPtAj 

Hviii^r i^ic! ArL-t>Mrjt ut Ki^liLctfii AtauEtLk" Rutiiiaava^nl a BrltSib l^tnbuiv tit t^rChriitl^n 
Coafit}t >^bi»M. E}v MaJ-be Hit \V. C. Harrl*., nuckior nf ^* Wild Sporta \u ko^atU*iTU AiiU^^" 

CtCh ^d ^.diUiJU , ^viklf. Bvia.'wUh MA|f b.jjij UliJitrJLtJLiiiBj i^f. ^i.cl-Jih. 

UAWE3 rBATlBXBAj.-TALES OF THE NORTH AMER(CAN INDIANS, 

miiJ AdTtnturt* af thn KA.r]T ScLllL-rii in i\ dae-rkK e tnmi itie Lnitiiiiiif uf Ihr Flluriin Fnlltfra 
Ui ie'Ht.lftthtTini&ot the lief^i^miaa \jtlnfi*\nt»(ieii.vi^. Djr Bubui iihWeiH povUCApJ^m. 

HAWKER.— INSTRUCTIONS TO YOUNG SPORTSMEN 

eahuurdi nnil lm|>rLi^L--d. wLihi F.tf{btv-1iTe EMkEAd nkd AVuDtlctkU, l«^ Aii-lnxfL nnd Hm^avUDiu 
frumllnwtHK* ^y G, Vfcfflej', hirha, elc. i^fo. 2U. dotti- 

ilAYDON (B, R.)-^LECTyRES ON PAINTING AND DESIGN, 

D^'livi^rrd n-t the ljr»|i(liCiiq lii^lKutlfiu, ihe Hpuv^hI |ii<i.iUii.lStibt AHirrtnnr]-!* h^Ercfl;, *o tha 
VniTCfK^f)- i*f Oareifl, cti;. Bj B. It. HriVLlnni, Has^turleiifl P*JEit<?f. W[vH J>4!«t,iti» df»*ii Ob 
Wlud li^ ill? autliDFi mid Bnumftd by Edward Etuia^ Svu. 1?t, Elatb.^ 
^^* Tim Se^unJ i'ttiutfie If prrjmriifg/ar fttAiieatiom^ 

HENSLOW.— THE PRINCjPLES OF DESCRIPTIVE AND PHVSIOLO- 

GIGAL BQIMNY. U? J. S. Hvnalow, tlLil. t-'.L.ii. clc. VunWtiliHiu. witli trij^iicilu TItli.-, 
And DekrLy'U ^^E»dcuu, Oi^ liotli, 

llEltSt'lIEL.— A TREATISE ON ASTRONOMY. 

HEUSrilEL, — A PRELIMINARY DISCOURSE ON THE STUDY OF 

NATllflAI. PKILilSdPtlV, By Mr Jutiu llicibctiil, Ntir tdllldu, Fii«|iufi|i am, wtili 

HINTS ON ETIQUETTE AND THE USAGES OF SOCIETY: 

With * (rln^^^' at B«ii Hftbilft. By Av*>"'!Jf '^ Mnpnitr" bib^u th** M*ii*" S4t^£ijil|oQj 

Cven'^nitOliicinrntinniFE lTi(ni«lLji'tlnua — Li!Ll.itri{>r[utrrMlQctl|iD- - M«rHi»^'?- IHnnrr^ — Hniohlrjc; 
^'ftuET— VhAhiiMi— llrcin - Music— lJi.nrlihi[ -CTnuTpraBttoD — j^dTiecluTradcai^eugjlB^Visitiu^] 
VlilUnf L'udi -Ctil^Tutltn^—ot Bisneciil SorlELr. 

HBTOPICAL PICTURES OF THE MIDDLE ACES. 

hi llSnfh nnd ^VliiTf- M«ilc ikii thr} *pui, (n.in rtuu-i<t«lH Vu ikiC KtC^^^fe^Cl^«\\X«V*tt. \>T 1 
WoiKleriLiji rtrfiit. Irul<. pjilKK!. Vl% >*•■■»'•"■ 
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NEW WiiRKS AND N l,W EDlTtUNis 
HOAKE.-A DE&CfilPTlVE ACCOUNT OF A NEW METHOD OF 

^LANTtNU AND MaVAGING THE ROOTS Of GBAPE Vm'^ES. Bt Cttmenl Hoaie, 
muEhor of ■■ ATrtfutUe im tbt CuLt'LVBtiou oflbc Gr*E)£ Vine on Upeo. VTrI^i.*' iaini> Si. cL 

HOARE— A PRACTICAL TREATISE ON THE CULTIVATION OF THE 

GHAPRVINE U^' OPES WALLiJ. By CUmrru llunrtf. ^a KtlUinjH, a«4. Jf. 6rf, elptli, 

HOBB&S— THE COMPLETE WORKS OF THOMAS HOBBES, 

or VttkltafM'tiurj: ciaw firitcollirctcd Rod edited by Sir WJltiuD AlaLciwortbj Bart. 16 VtiU. 
%* .¥fpqrrslrf|r, rhtf G'nf^fjJb l^ftrAjri in 11 tia/f. &MUj. ; ik* L^iiit ifBrkt^i* ^ »oJt.2l. ^^r 

ilOLLAND.— A TREATI&E ON THE MANUFACTURES IN METAL. 

S^rJuhn \Ui[\^»A,En\. 3 jn\a.ttraUiim.ffii>^. wUbVifnictU Titl»# had al>aut3WW«0(l«?Cl, I 

HOLT.AND.— MEDICAL NOTES AND REFLECTIONS. 

By flenrr Ho]|iini1t»m^^.H.3^. rtc.Fellu^ of the Ko^fcl CalU^e aC Phyi^clint.PlinlcUri 
KiETHordlnur lo Lh^ Qbc rn-, i.nd riljildna EaOHlnBrjtO Hi^HofiLl KlgtmeJik Pflbcc Xlberl. 

Ou-DlrutF.— f>n Hi^redltftry Dti^r'tlf' — On Bleeding In AffetrtiDiii i>r tbe Brum— On thv Abuie oi 
PfiT^liire — On Points whcrt: « Pa He n E. mnjr jaiJ|^i! mr 111 m.n ff Lf— n Gout, mi'd thr xu-c "f Culchicmia 
— Ori tlie R|>tijcni]c Inlt-ncn^n.-OrL Iniiknitr, [-QluiicRlianip cEl'. — On MvrridriiJ Mn^lcltivq -On the 
Meulk-ai Trir^tment vii 0\d A(^— Oa Ulctj, And IMwrdvri of Diflrettlun— Tibi' fjitliK-ace at Weithcr 

HOOK {DR. W. F.)— THE LAST DAYS OF OUR LORD'S MINISTRY? 

A Toarac of Lu-cttiTt-i ijh iTi? pri>>c^3|Hi] lifiijtlt* ^if Pii4*!<^i^ \Ve?*kK By WjUt^t Fu^iali^r HaoJ, 
Ejjkkoih. F-aifljioi]! 6va^ fl« cl^lb,. 

UOOKJEIL— THE BRITISH FLORA. 

In ^ tcili- Vol.].; cDrnprlslcic the FtiFFciiigAmOEtl or RdwErlnf PUntK. und t!bLe Femi. B^^SIf It 
WiLllLui JitithKnn Hoabr^r^ K.H. LL.D. F.ll.A. and L.S. f t^i . rtr. flte. alta Edition, vltti 
AclElltlariA U3i3 Ocirrei:tii7ni&; anJ 173 Fjriirc^, allaatntiT< i^T the Umbf-llLI'EraDB PJtDU, tlir 
CorihgiaiTli! Planta, the Gru&ei>4ui] the Ircrnk. Vci^]. fro,, W3lfa I'i PUtoB, I4jlp)i1d i vltL 
the plat PI f:D'|[iDn;il,3')Li. clnlh. 
Vol. II.IdTvo PBTli, romprtilnf thr CTrptORunU hnd the Fan^l, ramplcttng the Briiiib 
Flort, Uldfoinilitgif Voli V.. P^rti l aiiiLlf.af^SiuSLh'i ICiiEillBfa Fl^ra, S-Lp^ bcMill, 

HOOKER ANDTATLOR.-MUSCOLOGm BRITANNICA. 

C^iitn9nli^|lf the BIorkpi of (ircKl Qiitiun nn-d Irp]iinii, BrBlrmilknll^ A^rniigeil ftud dtleriWd : 
wSth PIJk.1eH,illyitratlTC of tlie ebir^ctcr nl th? G-cnirrn nnd 8pcc]Fi. llv !^ir W.J. HooL^r 

hiaLLT.TA>'lt»r,Ei{.U. F.L.S.ctc. 3d Rdhii?n, cnlnrEcH, S-?9.31p, Btf. pLnin'i Sf.SM. colDurcd, 

HOKNE fTHE HEV, T. H.)-AN INTRO DUCTION TO THE CRITICAL 

isTirur A\[l KNOWLRIWE OF THR HOl.Y SCaiPTURKj*. By Ih* Hrt. ThiHnu 
HvrtitrcLI flrn-HE, R.p. af St. Jnhn^B CdJi-rc, Cnmhindg^t flfctor i,-tr the unEtM P^Hfhn. ft EJ(. 
Kdmiinil Lht^ KJng^hud Mu1jt» and St, NU'bclu AcDni, LombiiTd i^trcvt } FrchcnilaiT nf Si. 
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HOTINE (TIIE REV. T. HO-A COMPENDIOUS IMTRODUCTION TO THE 

StXfDVOFTHE BIBLK. Bv Ihc HivTIurmq* Miffi^ell Hunne, B.D. rif St. JoLn'i Cuneie. I 
CmabrldBt. hc\ag m.u An^TJU of hU " I nirttcliit'tUn to tht CrltEml f^ttidr Bn*! KnowleditB of ] 
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H0B9LBY (BiaWOP).— BIBLICAL CRITICISM ON THE FIRST FOUR- 
TEEN Hlffr«>Rlc:AL BOOKS of the 0|,D T^:sTA]UE^iTl J\N|I ON THE >1RST 
NIN£ PHUPKETICAL QOUtCS. 3f ^miiil rioiilcr, LI,.II. t .H.,R. F.A.S. I.ar.l ni'-tapjit 
Bl.AliLjhb. S^fcond Eilitli3t]t containLuK TraimlBtioiii brtliQ AQLhoT, orvtr before aubiltitedf ' 

Bt the smrie Amhfir, 
THS ROOK OF FSAI.MN : (ruttliteJ From the Hebrew t ■llh Nixei, eirluutatr ind criHcmL 
1th Easann, S«p. ia». clmb. 

IIOWITT— THE RURAL LIFE OF ENGLAND. 

Dt VViillHin kniritt. I'h^rct iCElitSnnL, etjrrtft'rcd nnd rrrlsrd. Mrd'LumHvn. with RheniTlnn^fl 
WfHid hy Dcwiclit ftnil U'illianiK, uritJorm with " Vlwils tu Reniuliablc PUccij'-' ilj, flotn* 

HOWITT— VISITS TO REMARKABLE PLACES; 

old tiftlldiiBna^e->l<ilAlT^nd ^^^iiH^& illDitthtJTeof SlriliLiiff Fufur» In ^nrlUb HUlnn and 
Piielrr. By WiUimn llwSll. Hm tirvftoo. Mctlinjii Brii. iritb -10 nWtrmfioiu hj S WUIVmii. 
31*. clolt. 
SECOND SEUIES, tWBflv in ftiT CtKiWVml ^'a^^fM™4.Ti^'^tVVMl*ss»A.MSl}.»illn 
Dmwiligi mill., tm tW .(Ol lOT ita*-*!.*-*! , '"'S ^™"-t«TT.VN™\.^\*v«iL,*wv.Mji.'lg,«,^ 
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HOWITT.— THE RURAL AND DOMESTIC LIFE OF GERMANY: 

Witb ClidrBctrrlstir Skrtchr»4]f its uhlet Ci[ji£ Knci i}ceD4:F7- CaTlrctrd In &Gef)FniTdiiT, 
ui4l dnria? «1^«c!i|cD?e Id (I141 Otfianiry ^^ tlic Ycir» lS44^i Hf WLJhnu tlowiLt, i^nthqr 
lil ''Tht aun\ Uft ot F-nEl4>l>l," etc. Mr4]4iii Std., Tltb ibore Kl IlluttnllOili, llr. ClDlll. 

HOWITT.— THE STUDENT-LIFE OF GERMANY. 

Wtt>m the LI|Lpn1)]h1i«-4 M^. of Ur. CarDclias. Hy WIlLism Huvict. Src. vltb 34 fVood- 

Engnvlngt, wi4 7 S>teel Pkici,Sli. clutti. 
HOWITT-COLONISATION AND CHRISTIANITY; 

A PupoLkf History or the TrGatiucELt nT tlie IVat!^4?np \n oil ttii^lt Colpnlei^ 'bj E,1ic i£ii?iipeiti]ii, 
El)r WiUiHra Howitt, Post ^o. 1E)<|. Rd, ciotli, 

JlOWIlT.— THE BOY'S COUMTRY BOOK t 

Bririf tha tciiJ, Ijkfe tiF m. C^^\Lui.^^■ Bl>^* iwrllt*" liy Hli^aelf: exIiibkiJng' nil lilt AnnlBemtnti, 
PttfBJi-urtft, BuQ[i Puj-guLLE- cif Clikliiririi Eel (lie Cr!uuuLr^. lvdit4*Ll bj Wtflliuia Kuvitt, hullhur of 
"■Th'i; Ilurii Life cf KnuLuid,'' cti^. ii3 HidlLiAJi. rrJip^l^u. wLlli 40 VVuti-'JfUI-it-, -BJ-k C-lul^. 

IIOWITT (EICliARD).— IMPRESSIONS OF AUSTRALIA FELIX^ 

DurJni; h Vnyvit Vi'ndrp' aeKMiri^tr Sbt thAt Ct>iOnv3 'with purtkuiUr rMri-cn.cc tu tbe Prosptcti 
of EmiernLALii. Willi No*et of a VH]j-*Be tOMQd the Wuxltti AuitrtJIui Foemi^ clc. Bf 
BJErhjkrd HuwltL. Foli<Ljch|i'Sti>' 7t- cUitE. 

HtJDSON— THE PARENT'S HAND-BOOK; 

Dr,GijiJ«iO LtiE CLdEcc uf Pn3f<!»ji1n[i.Sp H.n]|il>Eiymetiti« B,pii SItUntioni , cooUiiiidf uHEful 
■31'd pf*.i'tlcjJ liLfiunii.LlDn an |li» jdbjecl of ]ilm.>ipff ou* Yuung Men, knd of iibtaininj their 
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HtJDSON.-PLAIN DIRECTIONS FOR MAKING WILL5 

In Coivti^Tinltr villi thr Lnw, ftnd pjirticikkrLv with refer c-ni;*.! t{> tI]|#;^ct 7 Wm., 1V.«nd 1 V1<t. 
«- H^ T« wlticlh iv hHited^ ■ cIcbj 'iLx.fasuivD of the Liw idnLlng io tbr Dlfflrlhttlinn of I*c.r- 
iOQiBJ E6UJt«iiilliecuet)f l.n(cj.[j.cy ^ wLlh two Ponn* of AVllli,, uid muthuiefuj InrnrmfttiDDi 
etiL. Ev Jl C- HudiijhiKEtii. tStb £^Etiati.^ correcicdi with NoteiDf Caieijudlcln^l/ 4cclded 
iIdco the ubtne. Act ^mxat into aptntlQa, FcMp. fLTO.Sf. Sd*. 

HUDSON.— THE EXECUTOR'S CUIOE, 

Br J. C. Hudftoii,,, Esc^., or the l^'^i^n.ry L^ulj- Oflicf . Londati i ftllfboref *■ PIbJil t>lr«[!-tj^uni 
irg<rM4bEj?K Wi'W ■u'i " The Paircut't KAiid-I^QDhK" 4tti F-dltion. Fi»lBcn|'8'raH ^f.etath, 
*** Tkr^ a&aui tv& vorJrt <tna^ be Aad tti One wo^ainf, pries Jm. cl^ih' 

HUMPHREYS —THE ILLUMINATED BOOKS OF THE MIDDLE ACES. 

A HiAt^rr ^if JllumliiAtcd Buijka jrom Ehe IVlli tci Lhe XVIkti CrnliLry. By fJEiiry NucI 
H umi^hjreyiH IJIujIrmlE^ krj a tii--Hc» of rnc-simlEc SpccimcDB, rarh conBiminF ol na rntivr 
PliKe* ai the ntucil *H^ ot thf OdKiR^il. 'rum ihc moat crlebrktf d nvkii i^jilroilid Mi^'Hr. In the 
Imperil] npd Btij^l IJliirvIe* df Vt>eiil]^.t ^^tiflrrfivi Pnrifi, Niiul«il, C^^ieitiliiiifPTii. bihdMulrS«9 ; 
— from I'bc Viilicii.B^ E^ci;urkhl, AmbriiJtlAn, and >ntltier !r^^"-L LlDr«ji'i«i af t>ie rniitlpent;— ind 
rram the riclli Public Ccl]egLiLtc-p *.nd Pr-jvat.f' |.l!l)ri4'ri4l i?f G^^^L PtETJiJa, 

la ecurf^^rpublScBEion, tuf iris- FhtIb I aii-c! '2^ Irap^rliJ 4to. CAtjfa eontfiSitlaETThrrcPlAtC^^ 
«|ileDiIbmy bfJbir^^ In^ld, tHjitf nnd colourip "tu Imllafioncr tbc vrlipuhk, fa« M^'^iuilv U 
ctai be proJaccd bJT rAreli-B N k^-L meMEift, vElb HeicripttuTiB, prEec I^i. 

Lir|reFAphH«{}nKiiiriiaipfi4al (1SI( !ki, hf 16)i to ft'S-r^l roldlfif Lh« laiye PUirt.Slt. 
*«* SU P&TEi Ea foj^ H. Vi^^luiAc, ront Volucnei ccrmpl'tUng' Lhe ti<o;rk^ 

HU3NT.-RESEARCHES ON LIGHT i 

AnRKKminitinri GfalL Lhe PhenDDiciiia roosEeted ivltll the Cheraiciil nnd ninleculirCkiAitgef 
prodnc-rri by the liiiluvncc at eliit? £laliir Riltb j embrnrtnr dlL ihn knowu Pli»to|TBph r^ Pr^- 
crtf^r^, HB'I Dcw Dii9^[iTGr9cs iu tbe Art.' Qy Rolpcrli Tlnnl^ Keeper of MioiD| Be^ai^f., 
Mmsc'lijti uf RCi3aapalc<lfet^togT' ^y»'- ^^th Plntfi iinil Wimdcvttj IIN.Cid. cluEh. 

ILLUMINATED CALENDAR (TH£}--TIIF. ILLUMINATED CalENDAH biiJ hom^ 

UIAIIV fflj" lK^fit eoihtuniai; 12 pngrft flf f/it-iiwatts from llie Cftlcndtir oJ ilse rich MSS^ 
** IJnarft'^ of Ibe Duhr of Anirun, iij\e.4 Rlnjf thf Sicily iqid Jiiriasniiitrt j jIim C4 jtHfc* of DiBrir, 
eftcb iCJnin^natrd witb in rlBhurmre E^ordiiir t>.ktfi] iraia the mime Pil^^i uitd an ItlUiHliiatcd 
Tilk. Inkpcr^^ firOr •UEf- In |hljilitidEji;[[ ronipaied. frc^niLhc mliiiiitore plclurei (rf ll^c *«rad MS< 



fiMttf fiJ ...-. , , ..J .... r ■ ■ - - = ■ * , 

iiniou't *■ ifiturtt^ aird Im, &oih in paUtTn en4 gf-lurtti Jlte ttioat fiatitriitr Mprsimfn renter 
$iifid 0/ anllquif ornerm^Nl apphrd la thr iir.c3rTltiait a/ a ^usA^/"— DritnEihiB. 

•^* The iilu^fitnaUd Catrndar flwd Jtiyn%*t iJiarft^faT lS4Aj rwy f r*^ /r^w iAr MaitKirrtjit fl/ 
f^ff '* HfiMii oj A^tit 0/ hrittsay.^' imp. fttro, 4-iM. i$t ttM&taiuHcd pTttrtivg aud blndittg. 

JACK30N —PICTORIAL FLORA i "^ 

Or, Bridil BotmofnrilaemUil, ih 1,500 LUhoffT*TiMc l)nii\n«f) ftl wVVXVfca>tt\tt *A'*\r.^*^W, 
PfmnMinrtigrnovM to DreiC Biilftta ; iniuLrHlAiif the ieicxii^'l^fc -wqtV* o^ft ¥.t»^\i*i l&<r^**T "^ 



16 NEW WORKS aj;d new editions 

JAME8.-A HISTORY OF THE LIFE OF EDWARD THE BLACK PRINCE, 

and of various Kveiits connected therewith, which occurred duiioff the Rei)|[n of Edward 111. 
Kio^ of Eatfland. ByG. P. R. James^Kftti. 2d Kdition. Jtvols.fooUcap 8to. with Map, 16t.cl. 

JAMES. -LIVES OF THE MOST EMINENT FOREIGN STATESMEN. 

Bv G. F. R. Jamea. Eiq.«Aiid E. K. Crowe, Esq. 5 vois.fooUcaii Svo. with Vignette 'ntle^l 
36r. cloth. 

JEBB (BISHOP).— PASTORAL INSTRUCTIONS ON THE CHARACTER 

ANT> PRINCIPLES OF THE CHURCH OF KNULANU, selected from his former 
Publications. By John Jebb. D.O. F.R.S., late Bishop of Limerick, ArUfert, andAghadoe. 
A New Editiou. Foolscap 8vo. 6f. cloth. 

By the same Author, 
PIETY WITHOUT ASCETICI8M ; or, the Protefitaiil Krmpis : a Mantial of Christian Faith 
aud Practice, selected from the Writini;i uf Scongal. Charles Howe, and Cudworth , with 
corrections and occasional Notes, becoud Editiou. Foolscap Svo. 6a. cloth. 

JEBB fBlSHOP) AND KNOX (ALEXANDER).-THIRTY YEARS' COR- 

RKSPONUKNCE between John Jebb, D.D.F.R.S.. Biahop of Limerick, Ardfert. Aghsdoe. 
and Alexander Knox, Kso. M.R.i.A. Edited by the Rev. Charles Forster, BD. Rector of 
Stisted, Essex, and one o( the Six Preachers in the Cathedral of Christ, Canterbury, formerly 
Domestic Chaplain to Bishop Jebb. 2d Edition. 2 vols. 8wo. 28a. cloth. 

LORD JEFFBEY.— CONTRIBUTIONS TO THE EDINBURGH REVIEW. 

Rv Francis Jeffrey, now one of the Judges in the Court of Session in Scotland. 4rols.8To. 
48s. cloth. 

JOHNSON— THE FARMER'S ENCYCLOPiCDIA, 

And DICTIONARY of RURAL AFFAIRS : embracing all the recent Discoreriea tn Agri- 
cultural Chemistry 1 adapted to the comprehension of^uusrientific Readers. By Cnthbert 
W. Johnson, Esq., F.R.S. Barrtster-at Law, Corresponding Member of the Agricultural 
Society of KOntgsberg, and of the Maryland Hortirultural Society, author of seveivl of the 
Prize EsBayn of the Royal Agricultural Society of Knj(land, and other Agrirultural Works ; 
Editor of the " Farmer's Almanack," etc. 8to. with Wood EngraTtngs Olthe best and most 
improved Agricultural Implemeuts, 2/. 10*. cloth. 

KANE -ELEMENTS OF CHEMISTRY; 

Including the most Recent Oiscoveries and Applications of the Science lo Medicine and 
Pharmacy, and to the Arts. By Robert Kane.M.D M.R.I.A. Professor of Natural Philosopbr 
to the Royal Dublin Society. 8vo.with'236 WoodcutB,24«.clott). 

KATER AND LARDNER.— A TREATISE ON MECHANICS. 

By Oapfftin Kater and Or. Lardner. New Edition. Foolscap 8to. with Vignette Title, and 
19 Plates, comprising 224 distinct figures, 6>. cloth. 

KEIGHTLEY.-OUTLINES OF HISTORY, 

From the Earliest Period. By Thomati Kcightley, Kiiq. New Edition, corrected and con- 
siderably improved. Foolscap 8vo., 6s. cloth ; or 6s. 6tf. bound. 

KEON (M. G.)— A HISTORY OF THE JESUITS, 

Literary, Social, and Political, from the Birth of Ignatius Loyola to the present time. By 
Miles Gerald Keon. 8vo. (Prgparing /or publieatioM. 

KIRBY AND SPENCE.— AN INTRODUCTION TO ENTOMOLOGY; 

Or, Elements of the Natural History of Insects: comprising an account of noxious and 
useful tn^ectti, of their Mptamorphosea, Food, Stratagems, Habitations, Societies, Motions, 
Noises, Hybernation, Instinct, etc. By W. Kirby, M. A. F.R.S. & L.S. Rector of Barham ; 
and W. Spence. Esr^., F.H.S. &L.S. 6tb Edition, corrected aud considerablr enlanfed. 

avols-Svo. H. lit. 6d. cloth. ' <:ui«Br«. 

*,* Thefirtt two rnlumranf thfi ** Introduction to r.ntomnlot^if" arf puhlUhrd at ateparate 
work, dinttnct from the third and fourth voluwt, and, though much rntarg^d^ at a eontidrr- 
ablf rrdnction of priest i" order that the nnrnfront elat$ ofrradem who eonjtne their atnd^ of 
inaectn to that of th^ir manner» and reonnny^ need not be burthened »ith the eo$t of the 
technical portion of the teork, relating to their anatomy , phytiologyt etc. 

KNOX rALEXANDERV — REMAINS OF ALEXANDER KNOX, ESQ. 

Of Dnblin, M.R.I.A.; containing Essays, chieflv explanatory, of Christian Doctrine; and 
Confidential Letters, with Private Papers, illtiRtrativeof the Writer's Character, Sentiments, 
and Life. Sd Edition. 4 vols. 8vo. 2/. 8«. cloth. 

LAING.— NOTES ON THt SCmSM FROM THE CHURCH OF ROME, 

C'.lled the GERMAN C\T\V^V.\e e,WVi9.CW, \^^*^:^^vL\.e^\^^ J.Ronge ard I. Cxerxki, in 
f)rtobcr]S44, on occasvou ol tVe V\\^T\m*%« ^« vVt\\c.\'i C.^^M.»^•^T«.^e%. ^-^S,.l*ing, Esq., 
author of "Note* of a Tra-vctteT," "'V\ie Cta^itwtU c\ vV* Yw\ft.«k ^\ -^w»%^;^ w.^. li 
Editiou. Foolscap 8vo. &t. cVuVU. 
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LAINO.— THE CHRONICLE OF THE KINGS OF NORWAY, 

1-ciiiii iki! KarlU'^l Pci-Lidnf llif llUiiiiynr Ihe Nllfllicin £ic> tElllu. to Ibe Ulidtt o( til 
TwLlflli Cenlurj, cuniinoulv I'iIIl'iI tlic (Iciniatirinilii. Trui.lirsiJ (cuiu the lidrinilir ill 
f^nnrro t^turklnti, Mrkh \uEe4^ Kiid k PrrUinlikurv Uifrccurfiii, by SnmacI LftlnjF, iihlburiir 
"Nolcior •Tra*i;ll»r,"wc. 3 >iiIb. fi».>. Sllj. duill. 

LAlNO.—A TOUR IM SWEDEN 

lultdilEcaispiiiliif iiliirrTi.ti.>i»i>ii tiic MLirsI, rclitlc&l.uiii eeoaomiftlSuteertbe SwfilUk 

NxUdd. By Suniii*! L>kn^, Kir). aiD. }^. i:|iil||. 

LAtNO.— NOTES OF A TRAVELLER 

Ob tbe SwHtl «iid Piililirtl Wiile c( Jrmtn-c, Pniiili, Svducrliuij, lUiy, and othBf puts at 
KiufllJi*, iIu^iLf H*c pr5**-nl Ueiilnrr. J)^ >«iiburl LdUDf^ Kjq^ Sit Edition, Sru. iQi. clotb. 

LAtNG.— JOURNAL OF A RESIDENCE IN NORWAY 

UurintthciFEu^ IKH, ISli, M>il IjSD; inailc! with > ricr li> inquire intD l]ir ttikril lud PdI. 
KciMir>iciy of that Cnuittn au4 ttie Cati[lJtla-n «r itf iubaljtluiti. Sr S&inncl LaJur. 
^ Ediliun. S¥ii. lili,c|iitb, 

LAPLACE (THE MAHQDlS nE).— THE SYSTEM OF THE WORLD. 

Djr M, ]^ MurtrnEi be La|iki-r. Trmtiblaterl Iraui ihv Frruchi ntiii cluriiUied »itli filrpltilA' 
tory Notti. By the Rkt. Ifrnry H. Fini-le, ^.T.C^D. Al^a^UA. " voUp^ra, 2^. boanll, 

LAKIINER'S CABINET CYCLOPEDIA; 

CujnpriilnL; j« ^Icritrs i:«FOrli;(jdiI '^V»rb«' uii Ki^iiik'v, &iogT«|r'b]^, Llien.iBfe»(1keStlC0Cfft, Arlii 
iliril $^n>luF^-cll^^fAr CiiEirhicEt-'l b.Fid cdilcid hy Dc'. LAriTiier. 
Tlitr S-ericit i>nHi]i]rii; liii Oul' IIuiiiLtciI ■qiI Tliirt^'Lhrce. rolaiDEf, 3Ql. I^r, TYn Worki 
ftppuMiLfljt Aj. |»CT TDlumr, 

LARDNKR.— A TREATJS£ ON ARITHMETIC. 

fiy nr. I^n^U-iturj, LLri). f.R.:^. 1''i]i>La>4:A[i Svo. with ^ig-ihCUC TtilCj 6l. doth^ 

LAHDHER,— A TREATISE ON GEOMETRY, 

And it! Ami.tli:*t3mi lu tbir ArU, it> JDf. I.A|-Jri»^ Foolat'iip flto. -nJtfa Vignette TUle, and 

LARDTWEll.— A TREATISE ON HEAT. 

Bj- [if. lATilncr, i^L.D.ctc. l^tup. E^ivo. nitti, Vitrei l-e fUlc and Wnodculft, fij.clntk. 

LARDNER.— A TREATISE ON HYDROSTATICS AND PNEUMATICS. 

tty Itr, LArdDrr. Ncii* KJLliafl. Fo<']^>:iLt' ^o. whtb Vi£iiL-U>c 'lltit, n't. tloLkk. 

LARDNEU ANDWALKERc— A MAfUUAL ON ELECTRICITY, MAC* 

WICTISM, Ii<i44 WETKOflOLOGV. By Ur. L«(lin:r, LMt. b'.tl,S,^ ptiU C V W'ldki.,-^ 

t,"B-L.— THE POETICAL WORKS Of LETlTIA ELIZABETH LANOON. 

Kvy l->Lifl?np^ va\a. TrKilicaip ^d. irltli I H-iut rations t>yK?i«»'l, cU-~it<f. vkilli ; *^l litanad 
In aiOTikCLD, •m'nh g\U cd^cii S^ 'tir. 

TJic ^c»ll€wiiiK WyrWi iPFnnmiidUi — 
Tlie IMPROVISATRiCK - - irtj. 6d- | TLc GOLPfeN ViOLlGT - - -lOrGd. 
The VEXPITI.VK B-IIACRLKT JOiCrf. Tlwf TllOU»ADOUll - - - - Hlf . M. 

LEE.— TAXIDERMY J 

Or, x^xe ■\ni>t t-oltictiHff, TityRwmf, lad MnanUu jObjectnofNifclUFUl Hksiarr. Fertile nut 
of Miuiuuuii «iLd 'rr«trll«ri. Bj Mti. H» l^u (farLiitfitT Mr*- T. E, ftcniillci*), avlliDr at 
**Kc-t]3ulrt nf rur\t!c," tilc\ fitli Rdllion, Impraved, vktb wi nccount of ft VJilC tQ Willon 
HflJJ.Aii'J Mr, WiUi-i<in'« iD.«8famlcr PrffeErvInc i.^niiai]i- Fpftp-Svo, vltltlff'GOdEpgrRTiHffi 

LEE. -ELEMENTS OF NATURAL HISTORY, 

Tor ^"hc IliC af ifcboaii and Vounf; Tcnoni: «4tttvlBlii|r i\ie ?^Hncirtei of ClMittJiiTlUEoDt 
Iiil«'npiri4«'d wlib Rmiuliiyiiad JiiHitrucliTi; arEglnAJ Accnaitttuf thd mnit rrcnftrlin.lkl'a Antmitlt^ 
ByAln.1l-L«e frflrinrrLy Mrj|/r^ K- RnwdlLti), su-lllnv of ^TuJiJcnnr/' '^Atcnotn uf 

LErKVEE (8IW GBORRE!.— AN APOLOGY FOR THE NERVES; 

Dr. ibeir lQigiQHini:c unit InRncucc in Htinlib aied l>LBeftat.v Uv i<tr O^iirftr l./of«fn* M>ll. 
F«Uaw{irttit Kofttl Cvllrvr of ^hvtiKUi"*, li^ie Pb^EiciftD m lite Uriihli Eii)iluuf«i 'tiiii 
CouEiDrSt, FfftflfiE>iiiftfhp Etc.E aiit^Jt of" Tbe L.l/fl of i^'frKV^Itfui Phjriic^M." ^''rUctmBl 
CMltXuir^" elc. Poit K?u, UflcldLlli. 

LEMPRIERR^A CLASSICAL DICTIONARY:; 

doBlBJnbng ft^«plo^« A4-'L'ouiiLfjl *ll tb? PrifiirT Nnna^J uaeall^ppd ir Antlenl Aiit3i43» t ^ih 
tlu V^jlLu; of VdlhMtt Welpi^liti, fl»ct M'^Muirrii^ ■lh.i'-.I j.itt>ci|.]|fi L tilt: Ur«ehi Kud HomiiM j mnA fk 
ChroiiO'tairl'^KlThMt^ V-y T, Lcmpi'LJ'r'LS D ly. -.Anii KJIlLdDj cornfcud. Std. fli.rlQtb. 

LEREBOtUS !N.P.)"A TREflTlSE ON PHOTOGRAPHY 5 

CaaLi9n3ih||i^ lilt HlLSAt [tiiii^ovcrlo nfi^if rE.tli3ln^ti> Ihe Vlwittttftot-j^t. t; tsmr^^ni V*.tt«i ^^wn^ 
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IB HEW WORKS AND NEW EDITIONS 

LESUE(C.R.)— MEMOIRS OF THE LIFE OF JOHN CONSTABLE. ESQ. 

R.A. Composed chiedf of his Letter!. By C. R. Leslie, R. A. Secoad Edition, with fnrther 
ExtrmcU from his Correspondence. Smsll 4to. with two Portrsits fone from a new Sketch, 
hj Mr. Leslie,] ud « plnte of * < SpriDg," eograred by LacaSf 3U. clotik 

LIFE OF A TRAVELLING PHYSICIAN, 

From his fint lutroductlon to Prmctice ; iucludinf Twenty Yesrs' Wudennn throafhoui 
the greater part of Europe. 3 vols, post St o. with eoloured FrontiBpieccB, 31«.m. cloth. 

LINDLEY.— INTRODUCTION TO BOTANY- 

By Prof.J.Liadley, Ph.D. F.R.S.L.S. etc. 3d Edition, with Correction* and contiderable 
Additions. 8vo. with Six Plate* and najnerons Woodcuts, 18». cloth. 

LINDLEY.— FLORA MEDIC A : 

A Botanical Account of all the most important Plants used in Medicine in different Parts of 
the World. By John Undley, Ph.D. F.R.S. etc. 8to. 18f. cloth. 

LINHLEY.— A SYNOPSIS OF THE BRITISH FLORA, 

Arranjred according to the Natural Orders. By Professor John Lindley, Ph. D., F.R.S., etc . 
Third Edition, with numerous Additions and ImproTements. 12mo. 10s. 6d. cloth. 

LINDLEY— THE THEORY OF HORTICULTURE; 

Or, an Attempt to Explain the Principal Operations of Gardening ttpon Physiolorical Prln* 
clples. By John Lindley, Ph.D. F.R.S. 8to. with Illustrations on Wood, 12f. cloth. 

LINDLEY.— GUIDE TO THE ORCHARD AND KITCHEN GARDEN; 

Or, an Account of the most Taluable Fruits and Vegetables rnltiratcd iu Great Britain : with 
Kalendars of the Work required in the Orchard and Kitchen Garden during every month in 
the Year. By George Undley, C.M.H.S. Edited by Professor Undley. 8to. 16«. boards. 

LLOYD.— A TREATISE ON UCHT AND VISION. 

BytheRcT. H. Lloyd. M. A. ,FellowofTrln. Coll. Dublin. 8to. St. boards. 

LORIMEII.-LETTERS TO A YOUNG MASTER MARINER. 

On some Subjects connected with his Calling. By Charles Lorimer. 3d edition. 12mo. 
with an Appendix, 5s. M. cloth. 

LOUDON (MRS.)-THE LADY'S COUNTRY COMPANION; 

Or, IIow to Enjoy a Country life Rationally. By Mrs. Loudon, author of <* Gardening for 
Ladies,'* etc. New Edition. Foolscap Sro.. withauEnfijaTiug on Steel, and Illustrations on 
Wood,7i.6rf. cloth. " ' . 

LOUDON (J. C.)-SELF INSTRUCTION 

For Younic Gardeners, Foresters, Bailiffs, Laud Stewards, and Farmers; in Arithmetic. 

Book-keeping, Geometry, Mensuration, Practical Trigonometry, Mechanics, Land-Survey- 
ing. Leveling, Planning and Mapping, Architectural Drawing, and Isometrical Projection 
and Perspective; with Examples shewing their applications to Horticultural and Agricul- 
tural Purposes. By the late J. C. Loudon, F.L.S. H.S. etc. With n Portrait of Mr. Loudon, 
and a Memoir by Mrs. Loudon. 8vo. with Wood EngraTings, 7«. 6tf. cloth. 
'• * Sfif-IuttTHction'' embodieM an important eoncfntration of practical knovledge in tome 
o/ the mott interetting dfpartm^nti of agHcvIture and horticuftuTe, It contain* atao a 
eopiou$ arcoHMt of Mr. Loudon'a life and writingtt frutn the pen of hit nmtabJe tcldute ; and 
it it illiittrated with nttmeroui er/fravirtga and an ej-crllent portrait. IVe hrartUtf cotnmend 
the book to all who are enf^nged in the cultivation aud improrifiitrnt oj the toil, whether in 
gardenitigy ptantiug^^ or farming, and tnore especially to tuch at are engaged in purtuiti 
chin to the mechatiical arts." — Atlas. 

LOUDON.— AN ENCYCLOP>CDIA OF TREES AND SHRUBS; 

Being thb '• A.rlioretnm et Fruticetum Britannicum" abridged: containing the Hardy Trees 
and Shrulis uf tjreat brilain, Niilive and Foreign, scientifiratly and popularly described : 
with their Propaj^ati, in. Culture, and Uses in the Arts ; and with Engravings of nearly ail the 
Species. For the use of Nurserymen, Gardeners, and Foresters. By J.C. Loudon, F.L.S.etc. 
8vo. with upwards of 2000 Kn^travings on Wood, 2/. lH.i. clolh. 
The Original Work; a New Edition, in 8 vols. 8to. with above 400 8vo. Plates of Trees, and 
upwards of 2500 WoodcuU, lUf. cloth. 

LOUDON.— AN ENCYCLOP/EDIA OF GARDENING; 

Presenting in one systematic view, the Hist»iry and Present Stnte of Gardcningin all Coun* 
tries, and its Theory and Practice in Great Hritain : with the Manaaenient of the Kitchen 
Garden, the Flower Garden. Laying-out Grounds, etc. By J. C. Loudon, F.L.S. etc. A new 
Edition, enlarged aud much improved. 8vo. with nearly 1000 Kngravings on Wood, 2/. 10«. 
cloth. 

LOUDON.— AN ENCYCLOP>CDlA OF AGRICULTURE; 

CotnDridiiig the Theory and Practice of the Valuation. Transfer, Laying-ont, Improvement, 
wid Management of Landed Property, and of the cultivation and etronomy of the Animal and 
vegetable productions of Agriculture, including all the latest improvements; a general 
History of Agriculture in nil coiintrieK; a Statistical view of its present state, with 
suggestions for its future progress in the British Isles; and Supiilements, bringing down 
the work to the year 1844. By J. C. Loudon, F.L.G.Z. and H.S.cic. Fifth Edition. 8vo. with 
upwards of 1100 F:ngravings on Wood, by Branston, 2/. 10». cloth. 
77ie Snpplcment, bringing down Improvements in the art of Field-Cnltnre from 1831 to 1844 
iaeiustre, COmpriBlug all the prcTlous Supplements, and illustrated with 65 Engrariugs on 
WootI, lUMjr be had teparately^ &s. sewed. 
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LOUDON— AN ENCYCLOPAEDIA OF PLANTSS 

JncllQil]ib[|tiil] the Fltnuirli^c-h arc nuvfr>uiid iu^ow brnvrbtfeb liitrci'diiced lltr(i,GreNimrtt«3u: 
fiTiai; ihHfNnluml Hipiorv, Hitroinp«ni«<l hf luch Li«*!T]|itloM, Knirf»''fcd FIguJBj, uid 

tmmc ot crerf Pl&ut wUi<'h lie m^y find In fliifVEr, uati aciiulr^ u-CE tbc lujctinitluii nxn-pcrlwt 
U wlalcb i» iififful and InlcrcBtlujfj Tbe Specific Ckiirai:t{?ra hy mn ^miliiL>:nl QaLnHiBt i tha 
DrmvibB^ by J. 1?. C. Sowcrby F^L.B. A new EditiDii |lS41]i, with n uev Sup|tlcinCibl, cum- 
prJ«lpi|f everjF ii«|,bmlilF! purticulnr TtEpFEtlnR ntl l1i(> Plnnti origlnftted In, m: iniwc^aced Siila, 
Uril^n l]«-tween t^i! firsl- publicTitiriiiL nf iW -tJCTk, In IKfS, »nJ JMiuiry lifWit with mi e» 
G«ncrfel Index to ilt« vtImfIc vrr'rr^. Eftiteel \kj J, C, 'i,i\itiiaT\-,'PTip%Tt4 bv W^ U. UazIct,. Jqji^, 
uid reidKi'd b> Gearg^ Pon* F-LS^: nu J HlHt neir Flgtircii i>r rlAiiti, on \Vaod. rrfsmUrAwlDu:* 
br J' Ui 1^* EJowerbjT^ F.L.ii^. I^ta, wUlh neB.rl)r LiD^mKh Wond Enffra* in^^B, 73i. (U. clucb^ 

LODIXlX — AN ENCYCLOP^tDlA OF COTTACE* FARM, AND VILLA 

HoUii'Df Fnmi'C-iric's, -t^tunEry TniiB, IVIi-Ijc l]tiTiii>i.'s, FncochinJ fiiLhudi, etc. i witLi the ri.'g.i]JiUc 
FlUBniri^'UVi FixtyFt'i,. Hcid Pym-ilnrc, ^JuJ a]>pr«j|>rini!rt! OtticfH, Ciiirili!U«h "H^J Gnrdtci titrenntft 

of ATL'liElceturAl Sciimll's uid Thatc ma wUtib it 1b >i;ui!q[]ij«i!J, ■.[id GBuefRJ KstLiualcB of the 
Exp'^DiD.. Df J.,r^L[>uJuni F-L^iS.. etc. Hew Kdilicu, Lo-rtcclt^d, with Ai^uiipknicitt ciJutiuD- 
litr IB^BitdiLnnDLL [msPB nf iL'tli'f-prDafl.t hiid aoarlj 3I}1>uew mi n^rBviuif^ r Sro. witb mOre tbsdi 
SOuDEnKxiTiugiBcii WondiflSa. claEh, 

•,■ tlte; ^upphi'inebtpf^^/iirareFf^iSvc.rf^ &rf, lewed. 

LQrnON.-HORTUS SftlTANNICUS: 

A t^aiilueii^ 4if n]l lh« PlnnlB 'indifrni>u» tO Or ititranjEitfcit ilitD Et-iHiuffi. The 3d KdlEfnn, 

irillii m. N'e-if SniptilrnitPt, prLji'itrcd} ^.ndcr ib# dkrciS^in ut J.. C^ LoudQCibf W, HiSNttei-f 
■iLd roriAvd. by litorkfE Poii, F,l.,|!, Ifvo. 3U,^^. pbiitb, 

Tbe J^u]>|hlemciLt: jf^afi^/rffr, Atfu. 2t.C\J. titfWtd, 

Tim ijiler SupplciuiL^iiil M^pti-rdt^tjf^Swo. fn. uttireA. 

LOUDON.— THE SUBURBAN GARDENER AND VILLA COMPANION: 

CcinipriKLn^tbr Clicirr of a VlJbiior i^iqbtirliiLtL J[i.-i<1di:tiL'Cp dt of n. B.ttTiHLtau ou whlrli lo-forED 
onej the Arrwnifpnu^-iit nad FurnlBtiljiM" cf the Hliub-p ; ttiA \he Lajiriff'out, Piiiut]i>^, ftiid 
Ifcnc-rfiJ MiUiij{-[^nitit|.( ^iT ilt^ Gwtdi'ti luid CrroundB ; tbe whole Bda]3t4.'d luv lirx^midH Ijrbtd liue 

rifeft^]^ to ^^tv fa^vjift uid ii[i-v»'B±d& !:□ CTloiiti irUiiuxIccf for the IrLfftm^ti'SC of tibflte wliig tnci-w 
ItUt nF<ibrJi>uin|[ or Riirk] AfltiirBk iin<) tnikn; iiFtrlbculnrly fcr th? un-p nf LadJHi. By J. Cn 
Laadiia, F,U.&., cie. Bfo. wilb nboTL-SiXJ ^Vuiiil Eiii£^nTtujfil,lMl* clatl). 

LOtTDON.^HORTUS UCNOSUS LONDINENS^S? 

Or, n CatnlQinic Of All the Ij^vnruua I'lin^ ctijltivjited bja Ihu ncigbfaourbood of Liilidjili. To 
Vhlch ■.rc oddcJ tlicb uiuil Pricei In Nancrlei,. DjJ.C.Lniidiiii, P.L,.S, <(«, Std. 7l.ltd. 
cloth, , 

LOW.-ON LANOED PROPERTY, AND THE MANAGEMENT OF ESTATES; 

Ccni}i-reh^DLliu|r ttiv ItviutLutini Hj^i't.'hve'i'ni ||.nJ]Llllurii biidTejja»t, unil th? Pfinciplcn mid r~nrvi:iJi 
of Leoftcj t L>/ rnruL builiJLiiiH:*! KiicLo9ur<:A, ItrAiui, Kmbniikmcsidi Hmiida, nnd o-ibcr iliiroJ 
VT'orlii, Mliii^ralH, And VVoo^j. Hf IJnfid Lew, Kiq. t'.lt.A.G, r^t^-,, imtliiur nf " Elciucuti 
ol Fruiztlciil AifricuLtiirc," clt;. St'-o. v]lh namcruiu Wvod En^nvhigf , ^li. izlotbii. 

LOW. --ON THE DOMESTICATED ANIMALS OF GREAT BRITAIN, 

'Clkiii|irelicB[£i[ig' Lbs NituiiJ nmi EroitOmicHl HlBl4ir^>i]f llie^ S^vtErJI a-nd ]!trptr4i4| [LlmtTAtlo^nt 

■or lUc PnppcrUcB bE ExE^rnul Ftirm f nn.-! Obsprvminn-I Oil Ihc PritHrljilei aiL(L rfAaiHce of 

Breedtnj;, By Ubti^ Low, Kaij,, F.R.^SJ^r rrn'^if*f^>>F nf A(;flciiLtiife Lii tke Un3¥crH-Sev nf 

EdinbDrrii^ e-LA, I. mit^or i»f *" EJtdCkeDUoJ FritCtiEibl A|fT3cd.Euze/' clc. ^o. vlth EujfTivlu^ 

<Jn Wdoa^aS*. tlcvlli- 

" Frts/v Lnu'f T'r^inl'i" Ji vrlff^M tr^iA frndrla&Ji? r/rai^rsr <as velt at t-are, nwid imow ie 

Tt/tTYtti to tit»ti Hndfr%toad bath bif the *n*Tt prnctitaf farmrr artJ ihe tJirtrrrlvcai a^TKiat- 

turitt^ T« tttf eonatr-f jfentlftara o/ tkr urltrd kirnrfiQm i£ utttLtt b* a potttt jjfffnfJ, ift 4uCP 

fvetrr^at at onrr «4 eompTehfnriv^ awil mo ea^t^prndtvuit to bt cnutnliiit /tir Ikt prtetifaf 

liitiaili fj c4efff-£rrfdiiif,"— GaidtiaCT*'' C-J'iOnlck. 

LOW.— THE BREEDS OF THE DOMESTICATED ANIMALS OF CREAT 

BIUl'ATN dc^Bt:rilJtd. Bit Ubrid Low^ Kbi| F,fl.Si..E.* Proftrifcuror Af;Ti[:ultuTE3a the Uuivei-- 
tity flf Kiilit|i|>iir||rli, pIl', e-tc, 'ihc I'litfP iti^m dr«wiin{» by W, IWirhiiitsmi, Tl.S-A., rtituef-d 
fr4ia i-l^criEP Uf on rMciMtiEr*] e-x^-vut^d fijr- -tbc AirriL'^ilMirik] Miittmm 6i( flit VniyeTBity at 
EAlaliii:aitthy\V,B\i.ivU,R,§~A. i vab. bEluiiiurt'i, «rilb fi^i I'Ut" afAuinuJi, bHUftf^HilIj 
ccNjuuffd fljtc'r NalufCp. IHL 1>Sb. ]uiJr>bGD:iid In mmrDr'^cFi 

Or In filrnrirpimit n4rtl»Dlii.> n« follow: — 
TbcOT. 1 Vol.iiEUi QMTto, wiLb SaPIotei, l The HOUSE. 1 Vol. mliu qnMrlo, wUh 8 

urif? f<i Kn, firf- bAlf-bituiii) Aomeco. FUte*, price 1^ hilM-annd ninrDEco. 

TdF hllKKfr 1 V*K htlu *inMto, Wlih ai \ Th* HOfi. 1 Vol. ■tlai qnarm, wllb 6 PkiBi, 

LOW, -ELEMENTS OF PRACTICAL AGRICULTURE! ^ . «. 

KionomF nt rhe Fbitii. 8f PaviiJ l^aw^ F^a f 41.^.K.,FtQtn*wif (jt Ky^-tN^iiVrow W S^'t M'^^ 
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20 NEW WORKS AND NEW EDITIONS 

MACAULAY. -CRITICAL AND HISTORICAL ESSAYS CONTRIBUTED TO 
The KUINBURGH REVIEW. Bj Ibc Rij[ht Hon. Thomu Babinglon Macanlay, H.F. 
MEditivn. StoIi. 8to.36«. cloth. 

MACAULAY.-LAYS OF ANCIENT ROME 

the Rifbl 
U. cloth. 

MACKENZIE.— THE PHYSIOLOGY OF VISION 
T W. Mickeniie, H.D., 1 
roodcntSt 10<. 6^. boftrds. 



Br the Riffht Hoaonible ThomM Babinffton Hacaulaj, M .P. 6th KdiUoD. Crown 8ro. 

LCJ 

Br W. Mackenzie, H.D., Lecturer on the Ere in the Uairersitj of Glasgow. 
#o< ■---■■ 



MACKINNON.— THE HISTORY OF CIVILISATION. 

By Wm. Alexander MackinnoQ, F.R.S. M.P. for JjjtaiDgton. 2 roll. 8ro. 34f . cloth. 
Vol. 1.— States or Autiqaity— England. 
Vol. 2.— Continental States of Europe— Alia and America— Wars— Witchcraft— Women, 

MACKINTOSH (SIR JAMES),— THE LIFE OF SIR THOMAS MORE. 

Bjr the Right Hon. Sir Jftmei Mackintoih. Repriated from the Cabinet Cfclopcdia . and 
intended for a Present-Book or School Prtze. Foolscap 8vo. with Portraitf 6$. cloth ; or 
bound Id Ttllnm fUt (oM «f jr/e) , S). 

MACKINTOSH'S (SIR JAMES) MISCELLANEOUS WORKS; 

InclodinK kla Contnbntlona to The EDINBURGH REVIEW. CoUecled and Edited br 
his Sou. 3 Tols. 8ro. — /fi Me prett. 

MACKINTOSH, ETC.— THE HISTORY OF ENGLAND. 

Br Sir James Macklutoth; W. Wallace, Esq.; and Robert Bell, Esq. lOTOll.faolseapSro. 
with Viiuette Titles, 3/, cloth, 

M'CULLOCH.-THE LITERATURE OF POLITICAL ECONOMY; 

Being- a Cla&sified Catalo^e of the principal Worki la the different department* of Politicil 
ScoDOmj', iiitenperfted vith Hiitorical, Critical, and Biographical Notices. Bj J. K. 
M'Collocb, Esq. 8to. 14f. cloth. 

M'CULLOCH.— A TREATISE ON THE PRINCIPLES AND PRACTICAL 

INFLUBNCE OF TAXATION AND THE FUNDING SYSTEM. Bjr J..R. M'CuUoch, 
Esq. 8to. 15*. cloth. 

M*CULLOCH.-A DICTIONARY, GEOGRAPHICAL, STATISTICAL, AND 

HISTORICAL, of the varioas Conntries, Places, and Principal Natural Objects in the World, 
ByJ. R. M'CuUoch, Ksq. A new Edition. 2 vols. 8to. with Six large Maps, 4/. cloth. 
%* The new Arttelei on the BritUM Empiret Engtand^ Ireland, and Scotland ^ are printed 
Beptirately at a Supplement to the former Edition. They compriie a full account of the 
pretent atate of the Sritiih Empire. 8f a. 6s. ttued* 

M'CULLOCH.— A DICTIONARY, PRACTICAL, THEORETICAL, AND 

HISTORICAL, OF COMMERCE, AND COMMERCIAL NAV[(,ATION. By J. B. 

M'Cttlloch, Esq. A New Edition, corrected, eular^^ed, and improved. Sro. witn Maps 

and Plans, &0s. cloth; or Sdi. strongly half-bound in russia, with flexible back. 

*«* Thia Edition^ trAicA hai been zarefuUy eorrected, compriiet, betide$ the New Tariff, 

the nev Aett relating to Banking, the Sugar Trade, Navigation and Cuttomt, the hiring of 

Seamen, etc; and i$ further mriehed vith valuable information from all part$ of the teur^d. 

A SUPPLEMENT, fur the use of the purchasers of the last Edition, 8to. price 3s. 6rf.aewed. 

MAITLAND (DR. CHARLES).-THE CHURCH IN THE CATACOMBS; 

Being a Description of the Church exiitiutr in Rome during the First Four Centuries, illns* 
trated by the Remains belonging to the Catacombs of Rome, including the contents of the 
Lapidarian tiallery of the Vatican, and other unpablished Collections. The materials 
obtained during a Two Years' residence in Rome. By Charles Maitland, M.D. Hvo. illus- 
trated with very uumerous Engravings on Wood. [/» the press. 

MARCET (MRS.)-CONVERSATIONS ON THE HISTORY OF ENGLAND. 

For the Use of Children. By Mrs.Marcet, author of* Conversations on Chemi8trT,"etc* 
2d Edition, with Additions. ISmo. 5t.cloth. 

MARCET.— CONVERSATIONS ON CHEMISTRY: 

In which the ElemciitB nf rtiat Science are familiarly Explained and lUnstratcd by Ezperi* 
ments. 14th Edition, enlarged and corrected. 2 vols, foolscap 8vo. 14s, cloth. 

MARCET.-CONVERSKT\OV;«. ON U^TURAL PHILOSOPHY; 

in which the Elements ol i\ialSc\ecnc axe tKtttVsXMX'i eT^\\'Eiti*i4^».-ft4,»Av^t«d to the compre- 
hension ofYoungPeraons. lOt\\V:d\V\ow enVw^ti-^vvA. MorEt(A«.4.\v.vft.%^^i.-»VC«.^c^^i^;,jj^^ 
Wt.6d.c\otU. 
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MA HCET.— CONVERSATIONS. ON POLmCAL ECONOMY| 

iDwhJi'btbc filLt'mritU ul^llini f^m-uTr are E'niu.UinrlT' ci]i<l^iitd. 7tb RtUlUHj-TdTUcil iui 

MARCET— CONVERSATIONS ON VEGETABLE PHYSIOLOCY; 

Cmii)irehttirltiiK lilt KleraenU ii( antmiT. nilli tlifir ippllirallaii Ii AgiltuUure. 5d Kdllinu. 

Fci-filn-ap Hvth. wlti Four Pkt**j S*, viott, 

MAtlUET— CONVERSATIONS FOR CHILDREN: 

Oil 1^11(1 HWi W™ter, 'Jii V,^\ti>m TeTlM-*) »nd i:urri;plc*l, KurtUtfrp StO.f w1sli«4]»ttt6d I^MJilj 

MARrET.—CONVERSATrONS ON LANGUAGE, 

Fur t^KiJdrtn. By Mri. rhlATL-i<t, Aiilbtir of " lVili^''&(jnuiiiiiu," tie- Ignci, 4j. 6tfr clolll. 

MARCET— THE CAME OF GRAMMAR, 

With » flcinKli of CiGfiicri.Btijtiuii, tibEwiiLi;: tbe iliiluB. of tliiC GaiBB, and LFTurJEitgr E^jmuplsA ef 
ttit tUfl-Uhei* Qi pinyitm it 11. Id. b, VBLfoiahc-il bux., ur donn ap bk ■ ■\\tiit Uta., T^luiine^ 8f . 

, MARCET -WILLY'S GRAMMAR: 

"A ioNrtii txttJ*ivplp vork/iiT tfur eatHt-itiigH"^tiUii!Ur\yHe^\^W. 

MARCET.— LESSONS ON ANIMALS, VECETABLES^ AND Mtt^EflALS. 

Bjr U'in« BlEu^cci^ikuLLorof " dauitzrintiuaf-a-n Otcvntstryf'" tie. ISoiaa, 3j. ctdlbi. 
'*' Ontf -of Mt». ^neeefi carf/utfi^ vrittrti tf ookt of initructianf In wAErA »atmra^t kUlufg ^* 
rMitdf piemant and iftt^Higilh /vr tk-je younf[/^ — Atb eiaiEiiin , 

ARRfACE CIFT. 

tYAT (CAPT).— THE MISSION; 

Or-ScencK InAfrSiTH. WrSlt^n T-ur VdiiEiF recipte. By Cn^tLLD Miji-vU. C.B,, htiLhoT ni 
"^ Pcltr tSlnvftlei*' "MnaiLjriDaii RB«>dj'f" ^'Tbc SetUcrs la Cnnviliti" otCi Q vulit fiiAp, BtHi 

"A ifrli/^i-tffil iuak/orvottngpropift itrittfn ifUft^rfai truth *tril jioinffmnfmioHinHmg 
tm i*' Fiftir'''il tul fjfl^iflj^ aMfruturr thut ttijtg eint^frarUM nfr turf fu fiteaaniter. TAt 
drtcriptiant af itafitrat flM*-f^< - i*/ tS^ pefHi-M ir/ c-riffA, nir, awJ t^m-iir/ptiirtt^ and anfns/i— 

fitf ii]firAup''i tmttt mevrn/til eff'ur/t in ^iintnT^ wfr^nt attd hrttrr ttytr^ vrtttftt wfltktke tact, 
ttutftUUVi «"*'' (lip'"***" iHirtuJ CiftrTtPj! nf Aliu JErf^f nrnrfA'* ffwrir-j Jot ihr ^ntfUfft Aflf ani- 
■matfil hif fi hSg'k^T jtat-pinn ihtu thf li^ltnwHmait^f, airrl ^ciAnS! ait'h that womanKt of trOvil 
mKith tt-f'ntr' qj* tittrrf^i tJitit MMnivia the tmtt Jar evpfy 9thrr 4dpql a/ JSciitionf Mitrri- 
IJtif/*— Briuuiniii- 

MARRYAT (CAPT.l— THE SETTLERS IN CANADA, 

WF|tt«n r»r Ydodi; 7c^aplc. bf C^ptniii MurryAL, U.D. Authdr of " Fetci Stni])lBr"^ 

MARRYAT fCAFT-HMASTERMAN READY; 

Or, t-hi- W'tf^k DrthePirltic. Written Tar V^»ani|; Pro^plSe Bf CliEitiU]i Marryht, CJl.aDlliaff 

«f 'Tfifiir Simple,'' flic, a folf.ksp.aro-^irhh aqiDtr«tL»E4q,gT4TiiiKa i!i<il WudiI,SS(.1U. dotb. 

*■* The vQlnmtiifii^jrrir^Mjff Ji.A^H B4eh» tltiib. 

** Tit bett af JtaAisten f^mier't ndtHet^tiM diUiHdtiHii, Uhil ^nr nj the mott captivmiiHr a/ 

MirrfffM chtldi-en'M irifikM. T4r onf'^ danger Ut tegl paf<eiit» fhoulH al*iiutr iritk iAfir DJhJldTrrfl 

thB pfiMMfMMlaa 0/il^ ''—4JiiikrT«r]y R4*¥lew* 

MAUNDER.-THE TREASURY OF KNOWLEDGE, 

And LlBltAHV^r Ri:FKnii:NCR, Gt SftiDnrlMA^mdir mtli tCdltlnn^rEYiftC^ thronchDui 

•** TAn jtrinfiuat toninttt t^ iAf prftfnt ntte vnd thnTnttirMif rtvitcil rttUfan vf'*T^f Treq- 

Uitttturtititttt luvrf fxfrtltri; 4M'V L'eU'rrpa/C^aifirri^f'r; * eamjuftiifiintr Clunletlt SHeiionnrv ^ 
art ^tarf/vrij v/ifiif9TV If J CSrbft^fti^jfi <« Ui^^'inntr^ ffj Lau T^rtN^ i *ll«« Sjfitoprll «/A« 

HIAUNDER.-THE BlOCRAPHCCAL TREASURY* 

Conii*itmif of ftlc-rmirt, S*l(«ti-]vf «i, ntid l.rii-f ?i.Ni*jrc's uf nboTe IS^OOUfiminenL Pii<iJWfc.v*A i^A- 

«pjj*rr u/ VnJTciaAl JJf.>tfrhpJiT. By Smuucl Mthw^Wt. t\U E,ti\ft™4 i*?^^^*^ ^'^^^^'^^w 
Mitd caat^mo^ H capiouM £iiu|[i|ikinciit, broualLt downVD VftSi. ti»VwtM^ >ift. **.wfc ^ «foA>.!*- 
jiitfcr, JOm. ctatb; 6onnd ^n Kino^^Uh elU e^gvi, l^- 
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MAUNDKR.— THE SCIENTIFIC AND UTERARY TREASURY: 

A Xrw Micl PoDiilnr EnrT-ctopedlB of Science End tbe Belles I^ttrei ; lacludinff all BrMieheB 
of Mflfnce, ana rrerj Subiect connected with Literature and Art. The whole written in a 
familiar Htyle, adapted to tne comprehension of all persons destroan of acquiringinformatioD 
ou the Bubjects comprised lu the work, and also aaapted (or a Manual of conreoient Refer- 
•nee tothe more Instructed. B7 Samuel Maunder. 4thKdition. Fcap.Sro. wilk Froatispieee, 
1U«. clotht booud in roan, with gilt edges* 12f. 

MAUNDEIl.— THE TREASURY OF HISTORY; 

Comprlsinr a General Introductory Outline of Univeraal HlstOTT, Anrient and Uodcnii and 
a Series of separate Histories of ererr principal Nation that exisU; derelopfar tkeir Rise» 
Progress, and Present Condition, tne Moral and Social Character of their rcapertire 
InhabltantJi, their Religion, Manners, and Customs, ete- etc> Bt Samacl Maandcr. 3d Edit. 
Fcap. 8vu. with Frontispiece, 10«. cloth; boaad In roan, with gilt e^RT** ISt* 

MAUNDER.— THE UNIVERSAL CLASS-BOOK: 

A ufcw Series of Reading lessons (oriiiinal and selected) for Ererr D&r la the Tear; C*ca 
I^ssun recording some iinportant Rrcnt In General llistorr, Biogr^BT, etc.. which happened 
on the dar of tbe month ander which it Is placed, or detailfng, in fanuiiar lu^aage, interest- 
ing facta ID Science ; also a Tarietr of Descriptlre and Narratire Pietea. interspersed witk 
Poetical Gleanings : Questions for Kxamination being appended to eark dn-** Lesson, and 
the whole carefully adapted to Practical Tuition. Br Samuel Manadcr, aactkar of *'The 
Treasury uf Knowleage." *Jd Edition, rcTised. 12mo. £j. bound. 

MICIIELET CJ^. -PRIESTS, WOMEN, AND FAMILIES. 

By J. MIcbetet. Translated from the Freoch (third edition} , with the Aa.tkM-'s pem^s^oa, 
br C. ('orks, Uachelit-r-^s-Lettres, and Professor (brcTete} of tkc LiTinf UuifWfe* in the 
Royal CoUtfges of Franre- 2d Edition. Post 8to. 9t. cloth. 

MIGNET^M.)- ANTONIO PEREZ AND PHILIP II. OF SPAIN. 

Br M. Mignet, Member of the Institute of France, Perp^tuAl Secretarr of the Aeademr of 
Bloial and PoUtleal ^i-iencea, etc. Translated br C. Cocks, B. L. Professor of tkc Livuf 
Languages in the Royal CoUegei of France ; Translator of Mickelet's ** Priests, Woaen, 
and Families,** and of Qninet s ^Cknrch and Modem Society," ** Ckristinstev aad tlu 
French Rerolution,'* etc. Post ^o. 

MILES. W.— THE HORSE'S FOOT, 

And How to Keep itSonnd. By William Mi'es, Esq. Royal Sro. with EafnriBfS. 7s. cloth. 

MILNER (KEVti. J. AND I.l— THE HISTORY OF THE CHURCH OF 

CHRIST. Bv the Rer. Joseph Milncr, .\.M. With Ad.tttL.ns and Oo7Tetf*iou» 3* the late 
RvT. Isuc Milner. 1>.L>. F.H.S., Pean of Carlisle, and President of Q'4i;-.'3,'« Coile^, Cam- 
bridge. A New Edition. 4 toU. :^o. 'IL :$*. boards. 

MONTliOMKKYS iJAMES POETICAL WORKS. 

New and onlr cv>mplete Edition. With some additional Poem* 13: Aat.'riio^npiicil 
I*refacos. Collected aud edited br Mr. Moittgi-imerT. 4«'oU. («}licxf :**o. withPypsmit, aaa 
seven other Plates, :X>s. cloth: bound in niorocco> l.M'**. 

MOORES POETICAL WORKSs 

Containiiitr the .\uth0r's recent tntrodnction and Notes. CompU'te ia -ytii t liume. sai^irsi 
with I.».>rd Brron's Poems. Wit'i a New Portrait, by tJoorge RicK-n-.-ad. encrs^-i-i :t ;ae "i-ie 
manner, and a View of :?lopcrti'n Cottage, the Res:<!oace o: ;a- P-'et. 'yv ■Puni.t* C— ;»w-*;4, 
A R..\. Meiituai S^o 1.'. "U. eloeb ; or -tit. boimd ia it..'rc*:tf j. in tie je»t a-uier. it 
llAvday. 

•»• Also, an Fdition in ll» vols, foolscap $vo. with Portrait. a:id IJ Tlas^s. i.'. ".'is. ^locj, 
n»oto<co.4/. U^. 

Mi>ORK'S LALLA ROOKH. AN ORIENTAL ROMANCE. 

Twentieth Fdi::«;n. Mt^din'u '<to. illustriteu with 13 Eii-.:r^»-u*, in--.K-i -i -.ae utf-icst 
style of art,::is. cloth: inOTOi.>co. 3im.: w.th India Prooi P*..i:js. Jm. %:v«ta. 

MOORES LALLA ROOKH. AN ORIENTAL ROMANCE. 

TwentT-fMt Edtrfoo. Fo^»Uei? Sto. with 4 Bograiria^. rrj-ii Ciziz-.tft '-'Vesr*.:. lttt.-^J. 
cloth; or lif. bound in morocco. 

VlXIKES IRSH MELODIES. 

^.;■J»:n!e^l !>r l>.MK'.ivj, R.A. Imp.S-o. »Ttll I'l Vt^ij^t. jij-t-a ;n <■•-;. :.■. -,. 
iK'-t-T!-*: yr-i: l-U. --JJ bound in momx-tfrt, bv HiT^iav. Prjtf A-n3r«sa:t -3-* jiu- ■»!. .n-, ■» 



"•* ■"•« fru)/. i'fyr' l't:"i «/ lit I<1 Z>'ifr«'. " C%''T— '; 
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>rOllRC'$ IRBH MELOCHES. 

rUtcCDtk Eiiitum. Fcf . S»o. ■,\«i ' ''HU ^^ Cn^xwU. 

n»occv, 1S». M. 



I MOtlRES IRB 
/ riAccDtk Eiiit 

I wnccv, 1S». 
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MOORE.— THE HISTORY OF IRELAND. 

From the earliest Kin{(s of that Realm, dowu to its latest Cbief. ByTbomu Moore, Esq. 
4 volt, foolscap 8*0 , with Vignette Titles^ 24*. cloth. 

MORAL OF FLOWERS (THE). 

3d Editiou. Royal 8vo. with 24 beautifully coloured EngraviDgs, If. lOf . half-bound. 

MORTON— A VETERINARY TOXICOLOCICAL CHART, 

Cotitainini; those Agents known torause Death in the Horse; with the STmptoms, Antidotes* 
ArtioDou the Tissues, and Tests. By W.J. T. Morton. 12mo.6j.iQ case; 8f.6(i.on rollers. 

MORTON.-A MANUAL OF PHARMACY, 

For the Student in Veterinary Medicine ; containing the Substances employed at the Royal 
Veterinary CoUeifp, with an Attempt at their Classification, and the Pharmacopoeia of that 
InHtitution. By \V. J.T.Morton. 3d Edition, l^o. lOi. cloth. 

MOSELEY— ILLUSTRATIONS OF PRACTICAL MECHANICS. 

By the Rev. H. Moseley, M.A., Professor of Natural Philosophy and Astronomy In King's 
College, London; being the First Volume of the Illustrations of"^ Science by the Professors 
of King's College. Fcap.Sro. with numerous Woodcuts, 8s. cloth. 

MOSELEV.— THE MECHANICAL PRINCIPLES OF ENCINEERINC AND 

ARCHITECTURK. By the Rev. H. Moseley, M.A.F.R.S.,ProfessorofNatnraiPhilosophy 
and Astronomy in King's College, London; and author of ** Illustrations of Practical 
Mechanics,'' etc, 8vo. with Woodcnts and Diagrams, lf.4«. cloth. 

MOSIIEIMS— ECCLESIASTICAL HISTORY, 

Ancient and Modern. Translated, with copious Notes, by James Murdock, D.D. Edited, 
with Additions, by Henry Soamcs, M.A.Recturof Stapteford-Tawney, Essex. New Edition, 
revised, and eouttnucd to the present time. 4 rols. Sro. 4S«. cloth. 

MiJLLKR.— INTRODUCTION TO A SCIENTIFIC SYSTEM OF MYTHOLOGY. 

By O. O. MQller. author of **The History and Antiquities of the Doric Race,*' etc. Trans< 
lated from the German by John Leitch. 8vo. uniform with **MUiler*B Dorians," 13f. doth. 

MURRAY.— AN ENCYCLOP>EDIA OF GEOGRAPHY: 

Comprising a complete Description of the F^arthArCxhibiting its Relation to the Heavenly 
Bodies, its Physical Structure, the Natural Histomof each Country, and the Industry, Com- 
merce, Politic'al Institutions, and Civil and Social State- of all Nations, By Hugh Murray, 
F.R.S.K.: assisted in Astroiiomj " ' " ' .^'n "--> --- <- .. .- 

Jaint-tion ; Botany, 
Edition, with Supple: 

to December 1H43; with 82 Maps, drawn by Sidney Hall, and upwards of 1000 other 
Engravinifs on Wood, from Drawings by Sw^uson, T. Landseer, Sowerby, Strutt, etc. repre- 
senting the most remarkable Objects of Nature and Art in every Region of the Globe. 8vo. 
3/. cloth. 

NECKER DE SAUSSURE.— PROGRESSIVE EDUCATION ; 

Or, Considerations on the Course of Life. Translated and Abridged ft-om the French of 
Madame Neckcr De Saussure, by Miss Holland. 8 vols, foolscap 8vo. 19». M. cloth. 
*,* Separately, voh. I. and l\, I2t. ; vol. III. 7>- 6tf. 

NEWELL (REV.R.H.)-THE ZOOLOGY OF THE ENGLISH POETS, 

Corrected by the Writings of Modem Naturalists. By the Rev. R.H. Newell, Rector of 

Little Hormend. Fcap. 8vo. with Engravings on Wood, 69. 6(f., cloth. 

" A delightful Kork: a vrry agreeable interthange of poetry and natural hittoryi tkt one 
ever pleasing, the other ever tnttruetive, 7'Ar antiaue embtUithmentt espotet In a very 
amuting way, some of the errors of the early naturalUtii the tejrt explain* and Hlu$trate$ 
othera by poetical ertracta very felieitouaiy CAoftfn."— Literary Gasette. 

NirOLAS-THE CHRONOLOGY OF HISTORY, 

Containing Tables, Calculations, and Statements Indispensable for ascertaining the Dates of 
Historical Kvents, and of Public and Private Docaments, from the Earliest Period to the 
Present Time. By Sir Harris Nicolas, K.C. M.G. Second Edition, corrected throughout. 

Foolscap Svo. with Vignette Title, 6». cloth. 

OWEN. -LECTURES ON THE COMPARATIVE ANATOMY AND PHYSI- 

0L0<;Y0F THE INVERTEBRATE ANIMALS, delivered at the RoyalCollege of Surgeons 
In 1843. By Richard Owen, F.R.S. Huuterinu ProfL-ssor to the College. From Notes taken 
by William White Cooper, M.R.C.S. and revised by Professor Owen. With Glossary and 
Index. 8vo. with uearty 140 Illustrations on Wood, 14> cloth. 
• »• A Second and concluding Volume, being the Leeturea ^on Vertebratai delivered by 
Prof easor Owen during the laat aeaaion, ta preparing /or publication. 

PARABLES (THE). 

The Parables of Our Lord, richly Illuminated with appropriate Borders, printed in Colours, 
and in Black and Gold ; with aUesIgn from one of the early German engravers. Square 
foolscap 8vu., uDiform in sJie with the "Sermon on the liou&l," IVi., Vnm^vto* twn*^ 
hlndingi orSOg. bound in morocco, by Hsyday. \.^* B*»*«^ 



nsuiniions, ana i^ivii ana social sinie-oi aii ixations, oj tiugn murray, 
1 in Astronomy, etc. by Professor Wallace; Geology, etc. by Professor 
, etc. by Sir W. 3. Hooker; Zoologr, etc. by W. bwainson, Ksq. New 
ilement, briueringdonn the Statistical Information contained in the Work, 
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PARKES.— DOMESTIC DUTIES; 

Or. iDBtmctioni to Yonng Married Ladies on the Management of their Honfeholds and tbe 
Regnlation of their CoDdactin the various Relations and Duties of Married Ufe. Hj Mrs. 
W. Parkes. Sih Kdition. Foolscap 8to. 9>. cloth. 

PARNELL.— A TREATISE ON ROADS: 

Wherein the Principles on which Roads shoaldi be made ate explained and Illustrated brthe 
Plans, Specifications, and Contrncts made use of by Thomas Telford, Esq. on the Holynead 
Road. By the Right Hon. Sir Henry Pamell, Bart.« Hon. Memb. Inst. CiT. Eng. London. 
Second Rdltlon, greatly entailed. 8ro. with 9 large Plates, li. Is. cloth. 

PATON CA.A.)-SERVIA, THE YOUNGEST MEMBER OF THE EUROPEAN 

FAMILY t or, a Residence in Belgrade, and Travels through the Highlands and Wood- 
lands of tbe Interior, during the years 1S43 and 1844. By Andrew Archibald Paton, Esq. 
Post 8ro. with pfHtrait and plate, ISl. cloth. 

Bjf the tame Author. 
THE MODKRN SYRIANS ; or. Native Society in Damascus, Aleppo, and the Mountiani of 
the Druses. Post 8to. 10s. 6tf. cloth. 

PEARSON.—AN INTRODUCTION TO PRACTICAL ASTRONOMY: 

jB^ tbe ReT.W. Pearson, LL.D.F.R.S. etc. Rector of South Kilworth, Leicestershire, and 

Treasurer to the AstronomicalSociety of London. 2 vols. 4to.with Plates,7'-7'-l>o&rds. 
VoLl contains Tables, recently computed, for facilitating the Redaction of Celestial Obser- 

Tatlons ; and a popular Explanation of their Constmction and Use. 
Vol. 3 contains Descriptions of the various Instruments that have been usefully employed in 

determining the Places of the Heavenly Bodies, with an Account of the Methods ofAdjusUng 

and Using them. 

PEDESTRIAN AND OTHER REMINISCENCES AT HOME AND ABROAD, 

WITH SKETCHES OF COUNTRYUFE. By Sylvanns. Post 8to., with Frontisi^eFe and 
Vignette Title. [/« the pre$$. 

PERC1VALL.-THE ANATOMY OF THE HORSE; 

Embracing the Structure of tbe Foot. By W.Percivall, M.R.C.S. Svo. U. cloth. 

PERCIVALL.— HIPPOPATHOLOCY: 

A Systematic Treatise on tbe Disorders and Lameness of the Horse ; with their Modern and 
most approved Methods of Cure ; embracing the Doctrines of the English and French Veteri- 
nary Schools. By VV. Percivall, M.R.C.S., Veterinarr Surgeon in the First Life Guards. 
3vo1b.8vo. Vol. 1, lOf. 6rf.; vols. 3 and 3, I4a. each, boards. 

PEUEUIA. — A TREATISE ON FOOD AND DIET: 

With Observations on the Uieteticnl Regimen suited for Disordered States of the Digestive 
Organs; and an Account of the Uietnrics of some of the principal Metropolitan and Other 
KstnblishnieHts for Pitupcrs, Lunatics, Criminals, Children, the Sick, etc. By Jon. Pereira, 
M.D. F.R.S.. author of "ElementB of Materia Medica." 8vo. \6t. cloth. 

PERRY (DR. W.C.)— GERMAN UNIVERSITY EDUCATION: 

Or, the Professors and Students of Germany. By Walter C. Perry, Phil. D. of the UiUveruty 
of Gfittingen. Post 8to. 4*. Get. cloth. 

PESCHEL (C. F.)— ELEMENTS OF PHYSICS, 

Part I. Ponderable Bodies. By C. F. Pescbel, Principal of the Royal Military College, 
Dresden, etc. etc. Translated from the German, with Notes, by E. West. Foolscap Sro. 
with Diagrams and Woodcuts. Ja. 6d cloth. 

Psrt 3.— The Physics of Inponderable Bodies, is nearly ready. 

PHILLIPS.— AN ELEMENTARY INTRODUCTION TO MINERALOGY: 

Comprising a Notice of the Characters and Elements of Minerals ; with Accounts of the Places 
and Circumstances in which they are found. By William Phillips, F.L.S. M.G.S. etc. 4th 
Edition, considerably augmented by R. Allan, F.R.S.E. 8vo, with numerous woodcnts, 
I2«. cloth. 

PHILLIPS.~FICURES & DESCRIPTIONS OF THE PALvtOZOIC FOSSILS OF 

CORNWALL, DEVON, and WEST SOMERSET ; observed in the course of the Ordnance 
Geological Survey of that District. By John Phillips, F.R.S. F.G.S. etc. Published by 
Order of the Lords Commissioners of H. M. Treasury 8vo. with 60 Plates, comprising 
very numerous Figures, 91. cloth. 

PHILLIPS.— A GUIDE TO CEOLOCY. 

BjJohn PhlUipt, F.R.S. G.S. etc. FooIacapSro. with PlateSi 5«. cloth. 

PHILLIPS.— A TREATISE ON CEOLOCY. 

B^Jobn Phlllipii,F.R.S. O.S. etc. 2»ol«. foolscap Svo. with Vignette Titles and Woodcnts. 
lit, cloth. 

' PLOUGH CTHEV. 

A Journal of Agr\cultura\ and 1XuTa\ NttiXift. ^i^s.li.^A.tLi^fiVTOiw&Vjer, sewed. 
2l»t Rdition. PoslSvo. ■!«. <:\<«.\\. 



PRINTEII FOR MESSRS, LfiWCMAW, 



POIS80N [3. D.J^A TREATISE OTJ MJECMrtNICS. 

Ur 3.0. Poiflsaa. f^ccaitd h^JEtiuiq. TF^titlAtiod ttaat the Fri^^'.'k, aud lltuiBntvil «rtlb 
ExpliuiaCory Nati-&, tar tine Kcv . Keiary H. E^lart^', intc FcLiuw yf Triitlly CdLJ.c|((<j Dafaklu. 
STOhimH, Swa. liSt. elotb. 

PORTER.— A TREATISE ON THE MANUFACTURE OF SILK, 

ay G. K, Parler,Esq. F.H.Sh. ■utior oI '^Thc Pru^'n-i-i ■oUhc Nb,tiD[i,"r1:i:. Ft-np. Kto, with 
Vlfnctto'ritlc, Hiid J9 HiifftftTLiiEi on \roDd., fij. clijl}k, 

PORTER. ^A TREATISE ON THE MANUFACTURES OF PORCELAIN AND 

ctitf., ^f, tloth. 

PORTLOCK. -REPORT ON THE CEOLOGY OF THE COUNTY OF 

LONDOXnCRIiV, *iid at Psrli f>f Tymne and F erni ftDi^iJf h , GinaSned ^gij rjEjuribrd nader 
tlie Avthnritj i^rtlLP n^uter^^neriJ ■.udBoiu-d afOriia&Eiee. Bjr J, I^, Farttock, I-'.E1.,S.eti:. 

l'C>WEM*-THE HISTORY OF NATURAL PHILOSOPHY. 

Friim iliL- RirHeit P^>^l^I■dJ to tbr Preacut Tinie. Bj' BncLcn Po^welL M. \vt JiiivillM ]Voki44^r 
of Mathiccnfititi iti llis! Uriivi.-nit]r oF^Jx/ond. Fcnp. .^vUl-uiLIii llifDeUc Thlctfij, cli>th. 

PVCROFT— A COURSE OF ENGLISH READING^ 

A-diplccl iHN JTTcry Ta>t.L' wid CnincUy. With AaecdaJBB of Msu ot Cslilui. Bv Eh^c- Hbt. 
Jnmri* IVtri'^i, H..^ . TtinitF Concur?, CHfnpJ, flatbrr cf ■■ tt^v^V GmniiiiiiP iPrncllce/' 
" ImUc (.TrUitiiDur PrncTi-Tf,'^ clii:. KLicdprBp ^vek., 5i.{?d> i: let hi- 

QUARTERLY JOURNAL OF THE GEoLOCICAL SOCIETY OF LONDON. 

EdUird lir IltHfLd TlicmnLJ. Ans-tcd, M.A. F.R.S.t Fflluw of J«iii CijIlcKe, dmihritlne ; I'm- 



S^u, 'If, tikeh □u.iB.ber, ftc^cdr 



it^nirlitArd Qttartrrlg. 



RANSB rFROFESSOll).-RANKE"S HISTORY OF THE REFORMATION* 

Trnii.s,Late[lliv Surfth AtuflD, trbulmaruf nnpb-e'fl *' Hlitmiry nf ibc PopBa/^ VdLi 1 u]i;L3r 
8v<». 3ilf. cloth. 

IlEErE,-THE MEDICAL GUIDE: 

Fur t?i« uj4y f»r tbc CLt:t^lfy. J^EundB^frf I'nmillri^f $«-[nSniriti,and JuulorFrBctliaDiiGiR In MeiJi- 
line; r.'iikpFiKiiLtj; " ^'i:^^^]!;!* MaiLTn IMup^iixALaryf ftnd pi PfBjtUi'al TremtlHS on thr illftlhi- 
£-uEa1i>lrt^ Siq^plh'kiELii.^ CnurkCA, ^rii-v 4!'ntli:}n , Care, mid PfllLiAtion of the Dijeuen Ini'ldciit la x^ic 
I{-iiRini) FrjLtue,. Uy R. Ri'^cc, M.I>>| lute FelloiF af llie Tluj^iJ Cullcj^cDrSiir^'toDj ol Loudon, 
tX-c, IQtL l^dLtlou^ flva. Ifi. boikrda. 

REID (DRO- ILLUSTRATIONS OF THE THEORY AND PRACTICE OF 

VKNTLLATIftN-. wUBk UrniiirltK nn WpirnilTiB . F,idn»br Li^hHny;, and iTit CdmmBnlcjiliun 

WOt»d+]ili, rtfitb- 

pjtitit /ft^ Ike ^rit tiiMf. TAttr in trnl n tifntpi^T thnt mnfi n^f offer a great tmnrbef of 
mnpti jin-f infiortani ihj^jf rxl^Aiui, te^ti tstn-th^ of l\e ctT'-Zal torHi^-frnlinn atH(r >ff/ /\g 
pH^Iir anti thr prr'/fitiont. Dr. Hftd^i vorh lip trfitlfif fttll vf ctniouM J^iTirif faMojii; thf 
tttirtiptiasf ifnd tipffirttifjn o/ tH^ ^ prftnrtptft" A^inif intfrip^T^fit ihrnHghom uith n 
rrifl^if B/uwvrinz atlrHfotrt &ftrinj[''aport lA*- ^swtfrfll miji*c(-" -MumJiiE Chronlclf. 

HEJ^TON— THE LANDSCAPE GARDENING & LANDSCAPE ARCHfTECTURE 

Iff th(? Lute Hum.pbr«]^ H£-|it{iti, EHip-^L b[:lnf bin fdiEtc Worldn nn Lhcac! jubji'rta, A N'ciT 
Kdltldflpwilb hu ]ilstoriiral.ajtd S^itcntlgL' ]ntri]il[it:tii:in, ■.^Htcmndc AsflJvala^ a tMugmpi^le'iil 
Nuti'TCa S'^t'^d Aiid a fuptoaa ^IptLalit^LicAl liidEK^. ]iy ^. C Ij^iqdiin, K.L.S., eEr, Htn. with 
«i Pcirtfplt uid uiiRardi ofSHlRngrnrini^, 30j. elcvlh; ifltb cclonred PUlea, ^^'Sr clutli. 

REYNARD THE FOX ; 

A rctinn^pcd ApoLnffui! of LhirMHdb Aftr }%<|iiroc4i»c«'4 in Tl^j^C. EmbrtltKhed &bi«n|^9ia|it 
wilh SLt«U CapltaiiN, iu ColnHi-s, fivTn Wu^-bliK^ls l^cht^rn ffrvic s*tirv*fiy for thiiai vrorh, <irt«r 
DcLlgiiB cl Iho l^th ii-nd IdEh Cclltiirlei. WlEh hn InUirdaHninii^L ay SimucJ Nnjlui-p laLc of 
(jjuecn''! Callrifei, OmCoiTEi, L^'K'*^ «,i}Uur«8vo. JJ^«.TeLl-iLiaii ckrtli. 

RIDDLE- A COMPLETE ENGLISH- LATIN AMD LaTiN-ENCLISM D|C- 

TtOTrfAllY, Trym iW b.-flE AtturrCSi iiJiic^T Ucrmaaii. Bj t'ti; Ri-«.J.K. Hiitilk, MA. (tin 
SdltlOD, Slit. Z\t, fid. LUiih, 

air. chlh. 

3DLR— A DIAMOND LATIN-ENCLlSH DICTIONARY * 

tHctrJ, K- Ki'Idbc, M.A. Jloyal32inOr-l*.linunri. 

J«3tB.-LETTERS FROM ftN ABStm ClClQTMVK.^\ , « ^,^^v 



J 
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RIDDLE.— CCCLESIASTCAL CHRONOLOGY; 

i»r. * — -'• of tbc Ckrutian Church, from iu FotuMlmtioii to the present lime. Contairing l 
Vir« of tWaenl Chuxh HUiorr. uid the Cow«c of Secular Evenu ; the Limiu of the Church 
mmd ii« ReUtioat ii* the St&te; Controrenies; SecU and Parties; Rites, Institutioas, and 
LX«<tpliBc : KcclcMAsrif «1 Writers. The vholr arrmofrrd KCcorditi|: to the order of Dates, and 
rfi«W«tl iaxo !S«vrm Perioda. To vhich are added, Luu of Coancils and Popes, Patriarchs, 
aad .%rrhois:Laps of CaaUrhiurr. Bt the Rcr. J. £. Riddle, UJi. Svo. l&s. cloth. 

RITCHIE ROBERT. .—RAILWAYS: THQR RISE AND PROGRESS, AND 

COS>TAVCT\OS , with Renarks Oft Rail«v Accidoiiu, and Proposals for their prose- 
c«ti>M. By Ruben Ritchie, Em). Kc*^ ^o. (A'eorXjr rea^jr. 

RIVERS. -THE ROSE AMATEUR'S GUCE: 

Cofttaiaiaf aaplc Descripcioas of kll the fiae leading: Tmrieties of Roses, reptlarir classed In 
Ikcir rcspectiTe FaMiiies; their Hi^torr and asode of Cnltare. Bt T. Rivera, Jul. Third 
Edttioft, conccied uid iBprored. Foolscap 9vo. S$. cloth. 

ROBERTS .GKORGK^— THE LFE, PROGRESSES, AND REBELUON OF 

JJOIKS DL'KE OF MOXMOUTH. to his Capture aad Execvtion: with a fall Aecount of 
the Blood* Assises, and eopioos Biographical Kosicea. B; George Roberts, author of ** The 
History of Lymt Refis,** etc. 3 vols, post dro. vith Portrait, Haps, and other lUastra- 
t-ofis, ^it- cloth. 

ROBiUtTS.— AN ETYMOLOGICAL AMD EXPLANATORY DICTIONARY OF 

the FERMS amd L.\NGL'AGE of GEOUKiY; desifaed for the early^ Student, and those 
who have not nade freat pn^rrcss in the Srirace. By- G. Roberts. Foolscap Sro. 6«. cloth. 

ROBINSON-GREEK AHD ENGLISH LEXICON TO THE NEW TESTAMENT. 

By K. RobLasoo, V !>., aothor of " Biblical Researthes." Edited, witb careful reTision, 
corrcctioos. etc., by the Rev. I>r. BloOMaelii. Sro. ISf. dolh. 

R0<.;ERS.— THE VEGETABLE CULTIVATOR: ' 

ContuaiB|;aplun ar.dactfurair IV^criptioa of all tbc diarrentSpedesofCuUnarT Vegetables, 
with the most approved Method of CaltdTvtin^ them br Natural and Artl6cial Means, and the 
belt Modc» of Cooking them ; alphabeticallv artauf^cd. Together with a Description of the 
Phyvcal Herbs in t.^i)eral C«e. Also, some Recollections of the Life of Philip MUler, F.A.S., 
Gvdt^nvr to the Wurthipful CompaiiT of Apothecaries at Chelsea. Bj John Rogers, author 
of " The Fruit CultiTaXor." 2d Editaon. Foolsci^ 8vo. 7«. cloth. 

ROME.-THE HISTORY OF ROME IN THE CABINET CYCLOP>EDIA). 

2 Tols. foolscap *To. with Mgnctte Titles, lis. cloth. 

ROSCOE.-U^/ES OF EMINENT BRITISH LAWYERS- 

By Hcory Koscoe. E^. Foolscap Sro. with Vignette Title, 6*. cloth. 

SANDBY UEV. G.- MESMERISM AND ITS OPPONENTS: 

\\*ith a Nuratirc of Cases. By the Rev. George Saudbr. Jun., Vicar of Fltxton, and Rector 
of AU Saiv.tswith St. Xicholas, South Elmham, :Sutrolk; Domestic Chapiaiu to the Right 
Hon. the Eul of .\!>en(aTeuny. FooUi-ap Sto. 6*. cloth. 

SANDFORD REV. J0HN\-PAROCHIAUA, 

or Church. Scho^^l, and Parish. By the Rev. John Sandford, M..^. Vicar of Duuchnrch, 
Ch^pliitito the Lord Bishop of Worcester, Hon. Canon of Worcester, and Rural Dean. 
Sto. with uumcn.»=i3 Woodcut*, IPs. cloth. 

SANDFOUD.-WOMAN IN HER SOCIAL AND DOMESTIC CHARACTER. 

By Mrs. John Sandford. 6tb Kdltion. Foolscap 8to.6«. cloth. 

SANDFORD.— FEMALE IMPROVEMENT. 

By Mrs. John Sandford. :;d Edition Foolscap Sto. 7«. id. cloth. 

SANDHURST COLLEGE MATHEMATICAL COURSE. 

KLKMK.VTS of .^niTIIMFTlC and AIXIKBRA. Br W. Scott. Esq.. A.M. and F.B.A.S. 
Second Mathemstiinl Professor at the Royal Mtfitarr College, Sandhurst. Being the 
First Volume of the Sandhurst Course of Mathematics. Sro. 16i. bound. 

ELKMEXTS of GF.OMETRV ; consisting of the first Fourand Sixth Books of Euclid, chiefly 
from the Tett of Dr. Robert Slmson ; with the principal Theorems in Proportion, and a 
Course of Pnclical Geometr>' on the Ground ; also. Four Tracts relating to Circles. Planes, 
and Solids, with one un Spherical (ioonaetrr. By John Xtrrieu. Professor of Mathematics in 
th^ Royal Military College, S.ind hurst. Bciiiii: Ihc t^d Volume of the Sandhurst Course of 
Mathematics. Sro. with many Diatp-ams, lOt. Gd. bound. 

PL.MX TRIGOXOMFTRV .\XD ME.N'Sl H ATIOX ; for the use of thcRovalMililaryCollcge, 
Sandhurst. By W. Scott. F.8q. .\.M. and F.R.A.S., Second .M.ithcmBtical 5I»ster in the Insti- 
tution. Being the 3d Volume of the Sandhurst Course of Mathematics. 8to. 9i.6rf. bound. 

PRACTICAL ASTROXO.MY and GRODKSV i Includini: the Projections of the Sphere, 
and Spherical Trigonouietrr. Br John Narricn, F.B.S. and R.A.S. Professor of Mathe. 
matics in the Royal Militarr College. Sandhurst. Being the dth Volume of the Sandhurst 
Mathematical Course. 8ro. 14«. bound. 

SCIILEIDES (I'UOF.l-PWNClPLES OF SCIENTIFIC BOTANY. 

Br U. i. J*chlfidcn, Professor ot Botany mt 3euk. Trw\»\%\«4\>-s t. LAnkester, M.D. F.L.S. 



-"«. 



SCOTT. -THE HISTORY OF SCOTLAND, 

Ay Sir Walter isrott. Dart. Nrw Edicitm. ^ cnU. rL'Np.Sm. wiab Vlfncttc 'nilBll,l2f.clDlh, 

SEAWABU.— SIR EDWARD SEAWARD'S NARRATIVE OF HIS SHrpWRECK, 

uni [riinfciiLieul U'lHCO'CCTTiir ecrtniiu LsluiiJ!! \u the Cajibbnn. Sea: wiLlD. n Det&l] nf mauy 
Extrju^rdhinr^ luid !ti^)[hlT intPTr^ting Kvtnts in liia Liie, froui }J3it to I740| is wrlUeu In bJA 
tnrn lli^ry. }<;>.|;t<.-[L by IA\*it ^fnik' i*i:hrtt?r. 3i3 RilUion, *rlth b X^tit Niivtiul and G«ngnubfcal 
]lk1tl:liltjl^tMtL, irarn [iiLhhte KKtm-rtR. fi-um n Papi:r lijr Mr. 0. V. Cf^Mtr trf the BdtbI NiiTyj 

SELECT WORKS OF THE BRITISH POET&S 

arc. JOiT, ctnulii [ L>r 'trill li jfill cjjfiy&f 31j. ^ff, 

SELECT WORKS OF THE BRITISH POETS: 

W\ih Bfa)i^'n«j]lili:bll and CrUii^nD PreraLcii. tiT Dt. Aii^kiil. A New Edhlton, wlEli S-uppl^nv^lK 

vltiiitMt HtntlfatiitrM or Atrldfct^ifit'ti a /ftilMte tiot jtotamci ^ff any MStnitar ttarif oirii vddln^ 
nlipi^Uttp to ihfiif ijitrfvit HKd uliiitif. 

SERMON ON THE MOUNT (THE!, 

ryi.airttlhcw T.Ti.TriLl lndsuJed for * Birtlidriy-P«<«nt, or dtft-BiKili Tot ill HjjJUfltii, 
Printrd in Ucld ttmi E^ulo'nr^k ku IL]t>i! MKs.^1 ^tvk't witb OraniDEntAl Bat-dcia br Dn'EtJ J^ncm^ 
Arcbilrtt, A»d nil IUun)(tiR.Etti F^DLitiaiihcL-i: b)-'W. QomJl, Etn. A ri^w cdidiiu,. FnoitiCAp -it«, 
l-n n rtvb. IjirUFBUcii ftilki t'ovm-, jntmuraclurcd exprculf, !21i.; or baund Ld mcircK^DQi in the 
MIfiivl itifl^f by Htiydni^j, 'JGi. 

SHAK5PEARE, BY SOWDLER, 

TriK F--\MII,y hHAKinPEARK, iii whfcli nollitaf^ in K^Jed talhe OrEglDul TezL t littthoi^P 
IVEinlti (LjiiJ Kxrjrt^iialttJh^ arc 'CinaUlcd ivltiL'li I'AnnriL ns^jtti propriety be rc:4i] uJauil, b)r Ti 
BirwdlcFr Kit.i|~ K.,!n;.&. Sevi>.iUtL JEaitloii. S<rO. vi[ti!li^ IlluHLratiani ttler Suiirice, eEc. .llJj. 

■•* A lilBnARYEUJTl(>?J.pTlthLicitllliiHiriitaniLft,litijli.[itvi>,4f. lJL*,firf. Ifoiirdy. 

HHELLEY, ETC.— LIVES OF THE MOST EMJNENT MTERaRY MEN OF 

|TALY» JjFAjy anij POIiTlJti^L. Ht Mtb , SWIlij, Sir U- lirtWititir, J, MvnlRomcrjr^ tic, 

3 TCl*. foolscap Htu. with Vignette Titknj iHi. cLulb. 

SHELLEY .-LIVES OF THE MOST EMINENT FRENCH WRfTEftSp 
SHORT WHIST; 

U* ftlHCrFmtrnlMl.and Lait-i l vErh Obe^rT-hitiOhi tO tnakit hDj dili^ n W'tiiitFEKtck' e CcknfatiiJug 
■l4n [be; leavR (*t IHq-Dct, Guslaa, K-c-!iri:u» CTibhjlB:e> Backrnmmull, Dt Mnjr^r A * -^ ^ • *. 
SIti ^dLlinn^ To whitli rirc id-JetliPTtfeeikiiifoTTifrD*. Bjr fttrs. D * * • * • Fua|ii:B^|i ^n. 
Si, i-lnth^ ifilt ed£[;i,. ■ 

IONI>L~THE HISTORY OF THE rTAUAN REfUBUCS; 

,nf fhe Origin, Pro^rpuB, and Fnll of Fr-e*dom in Imlv. rmin A.D.4j6 lo l90i&. flj- J.C. U 
rSiiiDDiiai. FoolaciijjSTO.TrSlh VigneUeTHle, flff. clalh. 

SISMONDI.^THE HISTORY OF THE FALL OF THE ROMAN EMF^RE 

nniviprl«)Lif S-Vifwof the Inrni-Sun Hl^iiJ f^rttJi;ni>>?iil 4iF ilii-' BarbaiiaDt. By J.CJ,. i>e l^l^iLiuiid^ 

6«ITH (GEOUGE}. -THE RELIGION OF ANCIENT BRITAIN: 

^, K. Surclnct Ati'^unt nf the acirefHl Bi'lUithit* S^^riiiciH vt-hbi:li Hbte oblalncd In tbU 
liltnd froiD tlic KnrliFK [ TimCH t^i i)b>e NuruiJDi Coii4]ue!5tt aithidtiJir mi [tVTritljfiitioD Into 
the Euly PrvM^rii of KrT^ir N tlie CbrLstiAU ChurLli, the Inlradutunit at ihr (iotpel InLO 
Britnin, nnd Ihe StRt^ r^f RifH|Eii9U iii Knj^L«nd IlLl Knpnry h*A ^inwA Ihc AtcrinleucV' B^/ 
GrorK'? .^ntitl^t F.ArS:, Meibbfs- n\ the HDysl AaSallc SoeicLf^ Hnd at ihe Rnjal Solvit ty 
oi Lbtt-'tmtnr^, PijQlaii'kji.S'riP.^ Ji^Einib, 

BMITH (GEOTIUE).— PERILOUS TIMES: 

Ut. ihc A(rrcBEioiii» of Atitb<-Chri&t]kii Rrrar nik SjcrlHiQrnl nbriHtluillr s CcuBtdirredln rcfcr- 
rnce to tbi' ilKtig^ri and DaticB nt PrDtcftKii-it. Hr George SmiEh, F»A.Si Member of tha 
Hoyn\ AiimiiitSi^cltfty^mJi^ of Elie flM^it] Soclvtj^iOf LlttThlurc Voo]M€*.p^o. fii. slta}*^ 
" iTkr prJ'/'»»i, the tauMs, nnd tkp ptrMntt M$p^Ft o/ (** wurti riirhitan ^r«»r i^AfrA »au 

CMrfitt-itnitj/, HM prft/tuHiff fwlitf>ff^d tj' thif /tfiUKrr, fVotifM that th^ nf*wlrf, ^f uiftl bi tkg 
/otfniafftt i)f PToUttantltTft vanlti ffivi^y iAU uarJt/'— t'hurrli nnd tftnti tiiiirtlc. 

. SMITH (>]F?y. R.l-THE FEMALE DISCIPLE OF THE FIRST THREE 

^ CKNTUKIE8 OF THE CJfn[STI.\« KR-Vt HL^t TrlnJ^ nnd Her ftHMion. byM«. Htur^ 
^^Hl ^* St^3 St^t:A*i Utile &tiak pottfllfl thff'ittt HirTit a/ptfUttliTlit D l'H<>i(f.l r^J ^T^**n.\W\eT*xi.T 
~ ff M/ ■ ' -^ " "-"" 



tf^/^^ /* fA^tr sriffftai/aTiit ermid tffper ^g iOntvUtO by *lie ST«fil moi'»T\liJ M te^*'^*- ^^^ 
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SMITH.— AN INTRODUCTION TO THE STUDY OF BOTANY. 

By Sir J. R. Smith, late President of the LlnnBitn Society. 7tl> Rditlon, corrected i in which 
the object of Smith's "Grammar of Botany" is combined with that of the "Introduction.'* 
By Sir WUilam Jackson Hooker, K.H. LL.D. etc. 8vo. with 36 Steel Platei, 16*. clotb ; 
with coloured Plates, 3f.l3«.6tf. cloth. 

SMITH -COMPENDIUM OF THE ENGLISH FLORA. 

By Sir J.E.Smith. 3d Edition, with Additions and Corrections. By Sir W.J. Hooker. 
l2mo.7«-6('- cloth. THE SAMS IN LATIN. &tb Editioa, 12mo. 7f .6d. 

SMITH.— THE ENGLISH FLORA. 

By Sir James Rdward Smith, M.D. F.B.S., late President of the LionKan Society, etc. 
6 vols. 8to. si. ISa. boards. 

CONTENTS: 
Tots. I. to IV. the Flowering plants and the Ferns, 2/. 8f. 
Vol. V. Part l,l2j.-CryptD^mia;compriaing^ | Vol. V. Part 2, 12t.— The Fnn^— completing 
the Mosses, Hepaticae, Lichens, Chara* the worli, by Sir W. 3. Hooker, and the 

ce», and AlgK. By Sir VV. i. Hooker. ' Re?. M. J. Berkeley, F.L.S. etc. 

SMITH.— THE WORKS OF THE REV. SYDNEY SMITH. 

Sd F.ditioo. 3 toIs.Svo. with Portr^t, 36s. cloth. 
*«* This collection cunststt of the Aitthor^a contributtont to the ** Edinburgh Review**' 
Peter Pljfmlrif^t **Letteri on the CathoUci,'^ and other miacellaneont vorki; to tBhich are 
nowJSrit added — *' Three Letters on Hailwayt :^^ ** Letter to Mr. Homer ;'^ '* Two Letters ©■ 
American Debts;" "^ Prayer:'^ ** Chang ei" (never before published); ** A Fragment on 
the Irish Roman Catholic Church." 

SOUTHEY. ETC.— LIVES OF THE BRITISH ADMIRALS; 

With an Introductory View of ttic Naval History of Enffland. By R. .'^outhey, Ksq. and 
R. Bell« Esq. 5 Tols. foolscap 8vo., with Vignette Titles, 1/. 10s. cloth. 

SOUTHEY (ROBERT).— OLIVER NEWMAN; 

A New Knvland Tale (unfinished): with other Poetical Remains. By the late Robert 
Southey. I-ooIscap 8to. uniform with the Ten Volume Kdition of Mr. Southey's Poetical 
Works, 5s. cloth. 

SOUTHEY'S (ROBERT ) COMPLETE POETICAL WORKS: 

Contaniin? Ruthe Author's last Introductious and Notes. Complete in one volume, medium 
Svo. with Portrait and View of the Poet's Residence at Keswick, uniform with Byron's Poems 
and Thomas Moore's Poetical Works, 21s.; or 42s. hound in morocco, In the best manner, 
by Haydny. 
Also, ati Edition in 10 vols, foolscap 8to. with Portrait and 19 Plates, 2/. lOi.; morocco, 4f.l0s. 

The following' Works separately: — 
JOAN OF ARC - . Fcap. Svo. 5j. cloth, l THALABA - - - Feap.Svo. 5 ». cloth. 

MAUOC „ 5i. „ i BALLADS, etc. 2vols. ,, lOs. ,, 

CURSK OF KKllAMA „ Hi. „ | RODKRICK .... „ 5s. „ 

SPIRIT OF THE WOODS (THE). 

By the author of "The Moral o! Flowers.'' 2d Edition. Royal Svo. with 23 beautifully 
coloured Engravings of the Forest Trees of Great Britain, If. lis. fid. cloth. 

SPOONEH.— A TREATISE ON THE STRUCTURE, FUNCTIONS, AND 

UiSKASKSof the FOOT and LEG ufthc HORSE; comprehending the Comparative Anatomy 
of these Parts in otlier Animals ; embracing the subject of Shoeing and the proper Treatment 
of the Foot ; witli tlie Rationale and KtTccts of various Important Operations, and the best 
Mclliods of performing them. By W. C. Spooner, M.U.V.C/'. 12mo. Ji.Gd. cloth, 

STABLE TALK AND TABLE TALK! OR, SPECTACLES FOR YOUNG 

SPORTSMK.V. By Harry Hieover. Svo. 12#. cloth. 
'* ^ri amusing' and ivitructive book. With every thing connected with horsfjtfsh^ the road, 
the turf, thf ffiir, the reposithry^ Hnrrt/ Hieorer is thoroughly familiar ; and ftii anecdotes of 
Coaching (alas I thai tee should write retniniicencfsl, oj rncive. oj horiedraling in afl its 
varieties, of hitnting, nndjiild spurts in general^ will be read with pleasure by tne oldsportS' 
man, and may be perused with pro/it by the young one^ if he will take warning from one 
• wide awake.* " —Times. 

STEAM ENGINE (THE), BY THE ARTIZAN CLUB. 

A Treatise on the Steam Engine. By the Artizan Clnb. Nos. 1 to 22, 4to. 1>. each, sewed. 
To be completed iu 24 Monthly Parts, eachilliistrHted by a Steel Plate and several Woodcuts. 

STEBRING (REV. II.)— THE HISTORY OF THE CHURCH OF CHRIST, 

From the Diet of Aujfsburfr, Xb'Ji), to the Kiffhteeiith Century ; originally designed as a Con- 
tinuation of Miliicr's " Hii.tory of the Church of Christ." By the Rev. Henry Stebhiug, 
n.D. 3vols. Svo. 3Cf. cloth. 

STEBBING.— THE HISTORY OF THE CHRISTIAN CHURCH, 

From us Foiuidatnjn to A.I). 14y2. By the Rev- U. Stebbing, M.A., etc. 2 vols.foolscapSvo. 
with V ignctte Titles, Its. cloth. »' * v 

STEBBING.-THE HISTORY OF THE REFORMATION- 

By the Bev. H. Stebbing. 2 vols. foo\3cap3^o.mlW\^iv(;Ue Titles, 12s. cloth. 
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STEEL'S SHIPMASTER'S ASSISTANTp 

hll Pliaqhj t:^:iimiiL't«<Lj -wLCIh S^ippLnir nr CuiDUjett:t [ >cfiutiLliilb£ ibe Law -&iid LsilikI Itcf uJ«- 

lUHcLhiT wllh Mutk'ca of ether MaUl^ts, r^iI nil nrLrtiftry lurorntBtliiu fdr M*TlnfFB. New 

the Cu»ta9ui* mid Sliipplnir Uep&rtincnt by Gsorgii C!ifiu«nta. at flie Cuittoniaf I^iHcto*^ 
i-uttitiilcr al **Tini L'untiiint aaide t""^ "t'h^ ICxehibn||«^4, etc, A^i Smftl B^ab-keEplajj, bf 
Wllliuil TfttCj BuflitieDr*''riie MoiJarn Cuublat..'^ gif o , Slf^ cluLh. 

STGPUKNS.-A MANUAL OF BRITISH COLEOPTERA ; 

(If, BKETIJ^Si t-intaJjiln^A Pi"ti:rt|)-Ctmi ol itl tli* SpiJkJii^j oJ detftLcB liUbrrtOnscerUdm'-d to 
luhaJjUCrrcikt SitilttLu Qjiii Eri-lnnaT etr. With n coiiiijilc'tc litdi'X oT the GenerB.. By J. F. 
St* iklni! [L*^ F_L,.S-.jftiifl:{it' 111 " Illiii4l±ttilliii[i* i>| EaCU!ii«lyisy-*' P04tt^4f. l-li,el>ti-tb. 

STRONG --CREECE AS A KINGDOM: 

Army, ^\rj, trie,- fwvd ll.]|4.' Arrival nf Kt4a[f Oilm, In 1,H33. Jt)*M tu (tie nrtMnl-tiiiir. Frnni 

SUMMEIII.Y tMUB. FEL1X).-THE MOTHER'S PRIMER: 

A Llllli! Cktici'i Hrftt Strpl in rauny Wajj, Bjr Mm. IctSi Suinmcrlr'. t'Vap.ara, prlaled 
111 Co]£iuTa, wlllli A Frt)4itiij^J«J?eijfawii aazlihc hj V^'lLliam Alulrcnttj, h.A. ]i. Bcwcd. 

SUNDAY LlBRARVs 

f-ijiilKiLLlnir nt^vrlf 'infr hniidrcd ScnnoilR b; emliMMit ttkrEiif», Wtth NoLtft^ rM^ hy tie 
Hu.i.T. r. l>iliilln,D.II. (i toll-rocUcip Sro. «UlvliP<ir(n>ll,ai>,rlill]] 1 uentlj twU kaDnd 

gWAlNSON.-A PREUMINARY DISCOURSE ON THE STUDY OF NATURAL 

HfSTORlf. By IV. SmiiiiBiii, Bsq. F-)£il»f«P Wo. f-». tloth. 



A TREATlEe ON THE NilTUKAL HIS. 
TonVML.iSBlUL'ATlONuf ANIMALS. 
Bt W. S'Kmhnon, K»c|. Flkp. Svu. wkth 
Vl^netle 'ritle^ 6f. i;iuth. 

HATiiB.M, msTony and cl.^ksifiua- 

TIONOFQIMUnUPF.DS. Bf W. Hiiln- 

■sn.Eiq. Ft kp. 0TE>. wllh Vli^nelie Title, and 

l;il WlKuJcuti, Ol I'lOlll- 
MATim.Vt HISTOSlf AND CL.\Ss11'Ic;a. 

T%oa Of BlKLlti. t!y W. Sitiatau, Esq. 

S'Ti'lB. rcin.HTQ, Vt^EivKcTlElea, iUd mbewe 

mu WuoJciiU, l*Jf. doth. 
BABITS ANP I^^^T|^'CT OF ANIMALS. 

B)r W. Sffklnaou^ K&q. Fi^ap. 3tq, nttli 

Vtgl3ettc Title aiidWciadt-ulK, Cj. cIdIIIh 
ANlMALSINMKNACeniES. BjVI'-Swiilu 

rsn, Eai|, IVu. Hvu. Vicuettt Tlllc md 
lUdflJ.ttolll. 



^fAT^]ll.^L kistoht etc. of sish, 

AMI-KIHU, ANU RKI'TIL.ES. Bj' W. 
i^wulUL>Up KlJ^. :: Tth. leap. Stu. irith 
VIguctle TItIca auil Wi!«<lcun JS». i-loTli. 

A THEATISR on M ALACOLOuV [ Or, llie 
Natural Claafificalion of Shtlla xiid sflpll 
FlBb, Br W.^WMiijutL, K^q l't:a|y. ma. ^Ith 
Vljfiii-UcTitlcaud VVoiidtutl, Gj, cloth. 

HISTOBY AN!) NATUBAI. ARRANGK. 
MKNT (Jf JNoECTii. Uj W. Swaluiun, 
Kiu]. mid \V. If.Shuchard, tChc^. Flap. (f^ii. 

Willi Vij[i le LIB 'l^i 1 1 cand >t uu JtiuLa, fir. blc»lli . 

A THF.ATISE OM TAXtUBttMYi irllb lli-i 
Uk^raplij >3t Ku«ld|^litai and NmScci uf 
tklt;lr IViirliS. Feap. d*u. wiih Purtrail u( 
the Anllidi, lij. cIdlL. 



namrroiM ^'oodrutld 

SW1TZEBL4ND.-THE HISTORY OF SWITZERLAND. 

FiHilicaiiSvi^. wilL Vlifucllv^ 'i'ptk, Q«. cl<ith. 

TATM.-HORATIUS RESTITUTUS; 

Or, LlLi^ UuaLu of HuiBL-*! ■crtmjfi'il in Climimlrjifk^i Ordrr, ntcor^lng; t j the Sclieme of Dr. 
BcntJrV, fnim tbe Tcit(jFlj[>fiUiir, currccLt^d and itayfif^itl, WUh aPrellailiiaryJDiioriniliin. 
Tk'Ty ujuuli GiilBrjf4:d, aa I be € bj'ijimioifjr of tbr WurJii, ou iltc LocalkSea^ ■nU tin Ll>r hiin 
ttDii Chirnctrr of [liat Ptjct, llii' Jagata Tate, bl.A.. i^eruiid ^Llidaii, to wblcL ta kLnn'uddKd^ 
AU iirl^toal TrcrallHtr im ibr MrLrf n i>l llukTirc. Svo, i^. ilriLU. 

TATE— THE CONTINUOUS HISTORY OF THE LIFE AND WRITINGS OF 

!^T. Pi'iUL, Dit lfa«' hBsLn of lliu AcL»i wLtli [u Lc ri'flJiLr]' i^lattcrnf I^crr4 NArrvii<rL>, |u|t|4oiril 
rmm ihc KpiEtlcfi, and tlucidatird Ici (itcaiiion-Bl DisfturLfliLiuuB i wkli tkt H^ttr Pa^\\i\,\K ot 
Hi. Pok'rj, Id a more CDrri'cB: cilitlnB., fr^ubjuinml, tiv^moiet TBte. MtA^^C'Ariiu ncblUL'uLlif}- 
fit St. r4urBt SiTiD. will] iiiupf I3f. clolb. 

TA\LER (KEV riIABLE& B.>-MARCARET: 

Or.tLc PcArl. Qy tb4<iHcr. Charlci M. Tnjkf, M-;\. H«ft*5r of St. FeLCr *, Chi^aer, nuEhnr 
i>r "« IJiiyMtryt or.N^o&qF lie VVflfliJ i"' '* TrnctiLtJujiiiiu, not fjf (it^d, " ftc, Jil Killiloii. 
FutilBi-'Bp tlrou &f. ElaLh^ 

TAyLBJl(UKV,CIlARLESB.)-LADY MARY; OR, NOT OF THE WORLD. 

BrllltltEV. Cllirlca B, Taflilr, Rcctnrof St. Pster'a.Ckualer i •ntliiii' ol" WnruMeL, or Hi! 
Peayl/'elr. Fooljce^ Std. Ga.flrf. I'lotli. 
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JAYLEJI (r(EV CHARLES B.)-TRAc^^H1l^KViW HO^ M ^QSa- ^,^0* 

Jl/aO-S ('irmri irullliir of ■< Ijidf M»TJ ; ni, Jim ol Un WuiMV " eiv. li>»>,w=° »» -" "•> 
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30 NEW WORKS AND NEW EDITIONS 

TAYLER (REV. CHARLES B.)-DORA MELDER : 

A Stwry of A1irc«. By Meta Sander. ATransUtioo. Edited by th« ReT. C.B.Tayler, 
author of " Margaret ; or, the Pearl/' etc. Fcap. 8to., with 3 illastTstion«> 7** cloth. 

TAYLOR.— THE STATESMAN- 

By HenryTaylor, Eiq.,anthoruf "Philip Van ArteTcldc.'* 13mo.6«.6tf. boards. 

THIRLWALL.— THE HISTORY OF GREECE. 

By the Rifrht ReT. the Lord Bishop of St. David's. A new Editioji, revised; with Kotei. Vols. 
i. and II. demrSTo.with Mapsj 12*. each cloth. To be completed la 8 Tolomea. 

iVoU ill. i$ in eke preu, 
••* AltOt an Edition in 8 voU,feep. 8vo. vtth Vignette Titlei, 2f. 6$, etoth, 

THOMSON'S SEASONS. 

Edited by BoUod Corney, Rsq. Illustrated with Seventy^seven Designs drawn on Wood by 
the Members of the Ktchini^ Clnb. EoifraTed by Thompson and other eminent Engravers. 
Square crown 8ro. uniform with " Goldsmith's Poem," 21s. cloth i In morocco in the best 
manner by Hayday, 36a. 

THOMSON.-AN ELEMENTARY TREATISE ON ALGEBRA, 

Theoretical and Practical. By James Thomson, LL.D. Professor of Mathematics in the 
Unirersity of Glasgow. 2d. EdiUon. 12mo. o$- cloth. 

THOMSON (JOHN).— TABLES OF INTEREST, 

At Three, Four, Four-and-a-half, and Five per Cent., from One Pound to Ten Thoniand, 
and from One to Three Hundred and Sixty-fiTe Days, in a regular progression of Single 
Dnys; with Interest at all the above Rates, from One to Twelve Months, and from One to 
Ten Years. Also, Tables shewing the F.xchanffe on Bills, or Commission on Goods, etc. 
from One-eighth to Five per Cent. ; and Tables shewing the Amount of any Salnry, Income, 
Expense, etc. by the Day, Month, or Year. To which are prefixed, a Table of Discount on 
Bill! at a certain Number of Days or Months ; and a Table shewing the exact Number of 
Days, from any Day throughout the Year, to the 31st nf December, the usual Period to which 
Interest is calculated. By John Thomson, Accountant in Edinburgh. 12mo.8«. bound. 

THOMSON.-THE DOMESTIC MANAGEMENT OF THE SICK ROOM^ 

Necessary, in Aid of Medical Treatment, for the Cure of Diseases. By Anthony Todd 
Thomson, M.D. F.L.S. etc. 2d Edition. Post 8to. lOt. 6d. cloth. 

TOM! JNE (BISHOP).— AN INTRODUCTION TO THE STUDY OF THEBIBLE; 

Being the First Volume of the Elements of Christian Theology j containinir Proofs of the 
Authenticity and 1 nspiration of the Holy Scriptures ; a Summary of the History of the Jews ; 
an Account of the Jewish Sects ; and a brief Statement of the Contents of the several Books 
of ihe Did Testament. By the late George Tomlin, D.D.F.R.S.Lord Bishop of Winchester. 
SOth Edition. Foolscap 8vo. 6>. 6d. cloth. 

TOMLINE (BISHOP).— ELEMENTS OF CHRISTIAN THEOLOGY ; 

Containing Proofs of the Anthentlcity and Inspiration of the Holy Scriptures ; a Summary of 
the History of the Jews ; a Brief Statement of the Contents of the several Books of the Old 
and New Testaments ; a Short Account of the P-nglish Translations of the Bible, and of the ' 
Litnrgv of the Chureh of England ; and a Scriptural Exposition of the Thirty-^f ine Articles 
of Religion. By George Tomline, D-D. F.R.S., Lord Bishop of Winchester. Designed 
principally for the use of Young Stndents in Divinity. 14th Edition. With Additional Notes, 
and a Summary of Kcclcsiastical History. By Henry Stebbing, D.D., author of •' A History 
of the Church of Christ, from the Confession of Augsburg," etc. 2 vols. 8vo. 21i. cloth. 

TOMLINS —A POPULAR LAW DICTIONARY ; 

Familiarlyexplaiuingthe Terms andNature of English Law; adapted lothe compreheosiouof 
Persona not educated for the Le^ral Profession, and affording Information peculiarly useful to 
Mu:istrate8, Merchants, Parochial Officers, and others. By Thomas Edlyue Tomlins, Attorney 
and Solicitor. Post Svo. 18<. cloth. 

The vhole work Hat been reviaed by a Barritter. 

TOOKE.— A HISTORY OF PRICES; 

With reference to the Causes of their principal Variations, from 1792 to the Present Time. 
Preceded by a Sketch of the History of the Corn Trade in the last Two Centuries. By 
iniomas Tooke, Esq. F.R.S. Z vols. 8vo. 2/. 8a. cloth. 

%• Separately, Vols. 1. and II. 36t.; Vol. III. 12l. 
TOWNSEND (CHARLES).— THE LIVES OF TWELVE EMINENT JUDGES. 

By W.Charles Townscnd, Esq A.M. Recorder of Macclesfield j Author of ** Memoirs of 
the House of Commons.'' 2 vols, 8vo. [/n Ihe preaa. 

TliOLLOPE (REV. W.)-ANALECTA THEOLOCICA ; 

A Critical, Philological, and Exeget'it&V CoTOTOe\\\B.Ty on (he New Testament, adapted to 
the Greek Text ; compiled aud di^eUcA iioiw vWm.oi^ft.wTwt&^.ti'M.t.'c'i.^Qtitiihand Foreign, 
flDd so arranged as to exhibit t\ie cotii-paTalwe wtx^Vv^il Wve. «:\^«t\\\Q^\TM»\x.xtiw\i'vw4«.«:d i 
Texts. By the Rev. WimamTio\\ove,M..N. oi¥tm\»toV«.C^»\\*»ft,^v-BWi5^^».^<iVsTO!«\^ \ 



one 



m^ 



1 



PillNTED FOR MESSRS* LONGMATJj AND CO. 



31 



[rTURNEIi_THE SACRED HISTORY OF THE WORLD, 

PUlw-DftblcMly eOM*ldi're.]. Uj S.T^rnFr, F.^.A. II.A y-L. New ErfU^S^ftli^^TO- 42i,bds. 
'?04w 1 coxLiiduTfl Ihc- Cri's-tiihii auil tij-Miinn fi| the Eiflb^ aii-d llu Vcffcial^lfl fwd Aidmal EaitS' 

uid MlLlcrial Laura, arifi FL>r»ifttiu» ofMAiih^mil, 
7dI, ^ [he IllTint' lL.i.-Dnnaij Ln iti speclkl Relntlan tc Man^IntJj AOd In ihfl iJtcliufiCp tiliil tliQ 

Hlslary of htamnli Affntrfr. 
V[]it,S,tbi! Prtw-ixlujiit f^r" tii4; PrmcTUJitiai] i-DdSujipnrtof ttae Hiudbii tta^^Bp lb« U^v^te 5fs4«in 

of DOT SuAmI Cviti,hit"'-XUtt\s, and tbcSiip«Tni1iujiI.l^iKlfii7 ofthfi World. 

TURNER (SHARON).— RICHARD Ml.t 

A Pd«iii. Bf ffhiryii'j'rirncr, Eiq., F.S.A, naid H.A.S.L,. «illtb>Dr of ^'Tlia HiadiTv of the 
AnitlD'^ikiaiLi," '^TLc Sttcrcd HIjie^jit ot the Warlil^" etc, Fwililtra|i Inro.7f.M.. cWthr 

TUltNElL— THE HISTORY OF ENGLAND. 

From LhB E-itrUef-t PuH'td ro e]i« JIvRtb^f Kiuabutli. Uj ishnro^iLTorDeT, Giq.F.A.B. Il,A,S.L- 

*.• Of In J'0HP|d'jJHjra4^{'jpii^rfl0ni4t «/««?*! :— 
THE KJSTOnV ar the AXr>LD-SAXON'S ; Otb KditLnn. 3 tlpIi, B^O^ !^^ S^ liDu^a^ 
THE Hlisrony of ENGI.AND ilurlue llLt Mll>UL}'; AUJ£tJ; coiuprli^luif tbe IlE-lgiLB fmrn 
Wintun thr fl'mt'Luerorl^ the AcLcaa]V]D nf iJenjrVJ]!,, S^ Editiny. fi tdIb. flv4]. Sf. bou-4ift. 
THE HISTOftVoJ tljt HKIGV of HKNRV VUI,! cnmprWnp the Pwlitiral HlHtarr of tLiE 

TilK Hlin^OllY of ihe RKICWJ^ at }?rjWAHl) VI,, MAKV, Ami ELUABKTH ? beiliff ihe 
SecD-ad Fart of tbc Mod^rei J-liiitiDry of l^ik^likOcL^ 3d Kidhlon^ S vntls^ Sf^, S^f^'b'i^'i'l^Pt 

TURNER.- A TREATISE ON THE FOOT OF THE HORSE, 

AiA n N«*r Syhtrrtk of Shcii-ijjtf^ by Une-Jidcd NfiJlini;; aad on thii Siiiiui-Cf Ori^Qi Kod 
i^fjnfit'Qm* ot tb£: N^iric-utar J oLoE iJuDf nea:*^ wttb l^rflvculLve and Cufntlv*; Trt^tmcuti Bj 
JaoiEi Tufii«rt M.R.V.C. Hayai9T{]. JirGcT. b-oar-dH. 

TURTON'S mil.) MANUAL OF THE LAND AND FRESHWATER SHELLSOF 

TUK BHITli^l-J ISKAN'liiih, A mm Kclitlrvn, thfirtm^hlv rrvianr. ud willi •L^DOjid'.^niblf! 

AHiit3t|[«iJ49, Pj' Jftluj I^ilw^fE finvv, Kfi<*[ieruf theZH-jrt)LHfl«'B,| Ci^liecliuiJ In tlic BrttijIiMLiiijiitu^. 

TYTLER r PRO KEKSORI. —PROFESSOR TVTLER^S ELEMENTS OF 

GENEKAL ritii'^OKY, AiiiJitDt Atid ^ro'leiifiii, w^th Dr. Nurcs' Ctintimialion. A iirw Edllluu, 
TiPTlB^ed nod tiDnlinucd tothc- D?alh of Wlltlam IV. 8to. wllh J J^lnps. 14i. clotli. 

0RK.-DICTIONARy OF ARTS, MANUFACTURES, AND MINES; 

ContMiiiiig a clc^r FsjirJitLtJon nf ibcir PrlufiuLcK and Pract^cic. Hy Andrew Vrc^ MnU^ 
W.&.itr MO.SN.M.iV,8^LoDri.i;>t. A€B4J. SrS^. fVilitd. i if . Fh. »DC. \'. ti<(>rm. ItnliUV.j Multih 
ale. e^H TLLfd Kditfuop currectciir fivch. with 12411 W-aadcnts, EUi, ciotk. 
Ujlbc tianiB Aulherj 
SUPPLEftfENTOF RECENl' IMPttOVKMENTS. Sd Edilion. Svo, 1-U, clocK, 

VON ORLICH (CAPT.)-TRAVELS (N INDIA, 

Aa^l thr aiJjBCCDE CnuDtricH, ktL IM2 umi 13^:1. Itjr Unpt. l.canald Vr^u Orlicli> IVliniliM^^d 

frum the Irrntiniii ]iir If, EvatLs l,l&)^d* Eiq. SToii. Htu. with cdlulircd Fniijal]lji4tC«l, aM 
DuiacTiiiBt lllusETnliiOiit oil V\''uifidj, 'Set- tlutk, 

WALKER (GEO. 1— CHESS STUDIES: 

CosngirtKlnf IMHI Oodn^j sftnallY PU^'vd ddrtnjf tKe la^t Half Century [ prejentin^ a Tin.1i|afl 
CoileetJciTi nI ClasiHcal mri Brilliant Sp$<,'Itn(iLft uT Client Sfc^ll Is evpfv ftfajpa ejI lh£ <pnin(!, 
tjkd FcimtnE BDEncirclnpiEdla of [trict-snce^ ^y Uttir^c WiiiLer. MdUnmBTU. l(]4.Q^,iewcd, 

WATERTON.— ESSAYS ON NATURAL HISTORY, 

ChLcKv ilriLltljoIogy. &y Chnrlrs Wntc^rtun, ¥LEq.. amt^i^r ct *'Wtk^^erings En Smitli 
A^Bfit^BL." Willi 4n Autubmf rk|hkiy uf iht Aathicir, and a- Vicif Iff Wnliu-ii IHhIU dtli KiJiti<]i), 

BBGCVrifl^ SlilEllEfi. Wlt1iCi»nltnUAi]nii r<f Mr^^VatciiDia'i Autoblofraphy, 3d fdlUanj fEap, 

Sva.wlib Vin^ncUebjT.CfejivLrVj A.R'A' D^.^tf-'LioLli 

WATTS f A. AO- LYRICS OF THE HEART, 

With otb*r PocTDi. l\j Ainrlc A. WnltH. [UuHtnfcd by 40 bl|fUj-»fiiil*hciJ LineKoBrairlnHat 
from thv DcdiiruB' of ni-B-hj tiTih': tPiSeiettt iii.iirl*rn PDinL>i!'rH, by tJan bcBf Knpmve'M of the nnftf* 
Square crowti 8iru, |>iitiicd and eiiLbi!lllati(>d unSFciniE? wilh IV>-{;ic^^« "' lE^t^" knd " t'cH?iiii.»"' 

31*. 5d.. bvn-rdii; or ^ro^f LmgiTe^iLiiui, tiOj/bmnnh j }ir[ruE« btlort; leUerj, uj] 4iE0r c^ltrmbleiTa 
Iltdia p».f^r j(i}uir MJ mpta* prLatDiJ), prEcc 51. ^f. [i^ / it'dif^P^ 

WEBSTER.— AN ENCYCL0P;EDIA OF DOMESTIC ECONOMY J 

Catnimibjig Aiifb iiU'iJi'cLih kt ure ihnjiL faEntn^dialel^ conaFcrfd whtli HoatckriiiiiD.^ i an. 
The OjnBtFin;!iu[i <?f Jiutuotlc K.Jiftci-i, wUb tbc La^dci mJ Wfti-Mnf, Ventilntintf, md 
JjlphliTi^ tbt'in-A dtiL-ri(iti(»n of I be FHrioui nrElicirsur FurnltMrt;. wHn the nulure nHhtir 
Mat^rball* UluJcii oT HtrTiiin*— A KdhiTwIf acCDitnEuf ttitf ^tilumtaud Vci^rtnblc HnhslabfiiCPi 
niEd lU Vood %mA ih^ metkie^di of i^tvtrrvhnir ntid prp[iar1nK llicyi hf l^unkinp- Maliiire 
firrad— The Clic-mir-aJ MaLiift< and the Prp^iNT-ntlon of all blridi nf tcna^ntetk VMwu^'tL -lutv^^ 
m» piflWBfijj[c— Mnipriftf* ctupioysd \n lUeiS Hid 1'^*; Tt^H^V — W^i-iiStic*!. -al ^^^t VA-vtia*.^^ — 
l>ett:riptioa pf tbc rarioui IVbt-fl CaMiffOft— FroiCrrmt^QU ul W*^^^— ^^'W-**^^'!^ '*-**^^^^ 
*rc. He, *lft flr 7'tnniM MV£«»tf^ F.G.i.^ eic, ; wiiiircA \*t ^^*^ ^*^* ^wi.V**"**, WJa^uW 



32 NEW WORKS, ETC. PRINTED FOR LONGMAN AND CO. 

WARDLAW.-DISCOURSeS ON THE PRINCIPAL POINTS OF THE SOCINIAN 

CONTROVERKY— the Unity of God, and the Trinity of Persons in tlie Godtiead — the Saprenie 
Divinity of Jesus Christ— the Doctrine of the Atonement - the Christian Character, etc. 
By Ralph Wardlaw, O.U. 6lh Edition. Ijvo. Us. cloth. 

WEIL (DR.)-THE BIBLE. THE KORAN, AND THE TALMUD: 

Or. Biblical Lerends of the Mahometans and Hebrews, from Arabic and Hebrew Sources. 
By Dr. Well, of HeidelbcrK. Translated, with Notes, by the Rey. H. Douglas, A.M. Fcap 8<o. 

tJuit rradg. 

WELSFORD (HENRY).— ON THE ORIGIN AND RAMIFICATIONS OF THE 
ENGLISH LANGUAGE ; preceded by an Inquiry into the Primitire Seals, Early Migrations, 
and Kiuml Settlements, of the principal European Nations. ByHenry VVelsford. ttro. 10s. M, 
cloth. 

WE8TW00D (J.O).-AN INTRODUCTION' TO THE MODERN CLASSIFI- 
CATION OF INSKCTS; fuundedon the Natural Habits and compounilinK Ori^anisation of 
the (iiflferent Families. ByJ.O. Westwood, F. L. S. etc. etc. etc. 2to1s. 8to. with unmerons 
lUuRtratioits, 2f. 7s. cloth. 

WHITLEY (NICHOLAS).— THE APPLICATION OF CEOLOCY TO ACRJCUL- 
TURK. and to the Improrement and Valuation of Land ; with the Nature and Properties of 
Soils, and tbe Priuciples of Gultiyation. By Nicholas Whitley, Laiid-SurTe>'or. 8to.7'. 6(f. 
cloth. 

WIOAN (DR. A. L )— THE DUALITY OF THE MIND, 

Proved by the Structure* Functions* and Disensea of iheBrRin, nnd by the Pheoomena 
of Mriital' UcranifeuieDt; and shewn to be csscutinl to Mornl ReBpoiisibility. With an 
Appendix. 1. On tlie Influence of Beligion on InsaiiUy ; 2. Conjectures on the Nature of 
the Mental Opcratioufii 3. On the Management of Lunatic Aay I umy. By A.L. iViffan, M.U. 
8vo. Vl». cloth. 

WILBEIIFORCE rW.) — A PRACTICAL VIEW OF THE PREVAILING 
RELIGIOUS SYSTEMS OF PROFESSED CHRISTIANS, in the Hieher and Middle 
Clnssea in this Country, contrasted with Real Christianity. By William Wtlberforce, Esq. 
M.P. for the County of York. 17th Edition. 8vo. 8#. bcirds. 

* ** X9th Edition. 12ino. 4«. 6if. boards. 

WILKINSON.— THE ENGINES OF WAR, ETC. 

Being a History of Ancient and Modern Projectile ItiKtruments andEurines of Warfare and 
Sporting; including the Manufacture ef Fire Arms, the History and Manufncture of tiun- 
pnwder, nf Swords, and of the cause of the DamasLu.s Figure in Sword Blades, with some 
Observations on Bronze: to which are added, Rem(irl<s on some Peculiarities of Iron, and on 
the extraordinary Kffect produced by the Action of Sea Water on Cast Iron ; with Details of 
tbe various miscellaneous Experiments. By U. Wilkinson, M.R.A.S. 8vo.9«. cloth. 

WILLIS (N.P.)— DASHES AT LIFE WITH A FREE PENCIL. 

ByN.P. Willis, Esq.* anthor of" Pcncillings by the Way,*' " Inklings of Adventure/* etc. 
8 vols, post 8vo. 31>.6tf. boards. 

** j4n exceedingly amuting bookf dashed off with thefreeit «/prNci/<."— Bell's Messenger. 

WILLOUGHBY (LADY)-A DIARY. 

Purporting to be by the LAUV WILLOUGHBY of the Reign of Charles I., embracing some 

l*assnges of her Domestic History from 1635 to 1648. 3a edition. Square foolscap 8vo. 

B». boards , or ISi. bound in morocco {old itjfle.) 

*,* Thit volume tt printed and bound in the ttyle of the period to uhtch The Diary rejert- 

** The ifreat charm of the bookf which maket it almott impotaible to lay it a$ide until 

wholly periueit, it itt beauH/ul liiiiplicity^ united to the mott touching pathos, ever and anon 

relieved by little notices of household caretf and sweet pictures of domestic /tUcity.^* 

Scotsman. 

WINTER (J. W.)— THE HORSE 4N HEALTH AND DISEASE: 

Or, Suggestions on his NMtural and General History, Varieties, Coiiformatiun, Pares, Age, 
Soundness, Stabling, Condition, TrHininif, and Srioeinif. With a Digest of Veterinary 
Practice. By W. Winter, M.H.C.V.S.L. Member of the Association Litt^mirc d'Egjplc, 
late Vctcilnary Surgeon to Mchcmet All and Ibrahim Pasha. 8vo. lOi. 6d. cloth. 

ZOOLOGY OF THE VOYAGE OFH.M.SS- EREBUS AND TERROR. 

Under the Command of Capt. Sir James Clark Ross, R.N. F.R.S. dutiuj? the vcars 1839, 
40,41.42,43. Puldished by.Authority of the Ixirri's Commissioners of tbe Adniiraltv. Edited 
by John Richardson, M.D. F.R.S. etc. ; and Joliii Kdward Gray, Esq. F.R.S. Parts I. to X 
Royal 4to. with numerous lotoured and plain PlHteH, IOj. otich, sewed 
*»* To be completed in about \B parts. 

ZUMPT (PUOF.)— A GRAMMAR OF THE LATIN LANGUAGE. 

By C. G. Zumpt, Ph. 1>. Professor in the University, and Meuiber of the Royal Academy of 

Berlin. Translated from the 9th Edition of the original, and adapted to the use of English 

Students, by Leonhnrd Schmitz, Ph. D., Rector of the High School of Kdinburgh ; with 

immeruus Additions and Corrections by the Author. Hvo. 14f. cloth. 

**I>r. Schmiix's workii henceforward beyond qurttion the authorited version of Zutnpt's 

Grammar; a book which well deserves its great cehbrity^ and the hi^h enterm bt/ which it 

it Aeldbsf the best scAo/ar*. "—KxamVucT. 
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